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. . Creating a vacuum on the 
order of 10°°mm Hg without using 


organic pump fluids 
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high forepressures 





Or, perhaps you use large 


amounts of mercury in your work. 
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100 to 1600 liters per 
Our glass pumps hav 
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WESTON all-metal THERMOMETERS 


(with Multiple Helix*) 


Here’s another typical example of how large processing plants have 
solved temperature checking problems, and cut thermometer costs 
besides. With a WESTON dial-type thermometer at every checkpoint, 
temperatures are read at a glance .. . in far less time, and with far 
greater accuracy. Their sturdy all-metal construction resists breakage, 
gives them far longer life on Operating equipment. And the exclusive 
WESTON multiple helix employed assures dependable accuracy during 
all this long life. 








Available in a broad selection of types, sizes, ranges and stem lengths, 
WESTON thermometers are today standard on all types of mobile and 
stationary equipment and machines, large and small; as well as on 
piping, conduit, ducts, etc. Ask your distributor, or local WESTON rep- 
resentative for complete information, or write for descriptive bulletin 

WESTON Electrical Instrument Corporation, 614 Frelinghuysen 
f Avenue, Newark 5, New Jersey. 
* This WESTON-made sens- 


ing element is the more 
costly, non-sagging, multi- 


ple-helix. Carefully aged 
over a broad temperature 
range for long periods, it 


assures better accuracy, 
over a longer life. 
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Model KC-5 
4.9 Cu. Ft./ Min. 
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Kinney Compound Vacuum Pumps produce low absolute pressures of 0.2 micron 
(Mcleod) or better completely unassisted. They are quick starting, high pumping speed 
units, designed to answer every requirement of the laboratory or pilot plant. All four 
of these pumps can be effectively gas-ballasted for handling water-vapors. 

Write us about your vacuum problems. Competent vacuum engineers in all our 
district offices are ready to help you. Send coupon for details. Kinney Mfg. Division, 
Boston 30, Massachusetts. 
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General Electric Announces... 


2 New Integrating Instruments 


...To provide a quick and simple means of determin- 
ing the mathematical integral of a varying unknown 
— or of the integral of the unknown-squared. 





General Electric’s two newly announced integrating instruments 
eliminate the need to know the mathematical equation which 
represents the unknown. 


WIDELY APPLICABLE, the instruments measure such variables as 
thickness, width, diameter, or any other electrical or non-electrical 
quantity. When the instruments are used in conjunction with a 
suitable detector and an amplifier, the varying unknown, shown 
in graph 1, is converted into an electrical impulse which is propor 
tional to the unknown. One of the instruments provides the integral 
of the unknown, represented by A in graph 2; the other, the inte- 
gral of the unknown-squared, A; in graph 3. 

FOR FURTHER INFORMATION, contact your nearest G-E Appa 
ratus Sales Office, or write for Bulletin GEC-1230 to: Section 
605-80, General Electric Co., Schenectady, N. Y. 


Go CA? fal pour confidence na — 
GENERAL @@ ELECTRIC 


Unknown (X) 


Instrument 
Indication 


~ Instrument 
Indication 





[ ATE N FWS Compiled by NUCLEONICS August 5 
. . « for publication August 9 


Revision Industry gets its first big chance to enter the atomic power field on an experi- 
of Law mental and commercial basis. Overhaul of the 1946 McMahon Atomic Energy 
Act drew nationwide attention during the 13-day Senate hassle over it. The 
revisions—which amounted to a complete revamping of all existing atomic legis- 
lation—sailed through the House in less than two days. 

The long, bitter Senate debate on the measure hardly hit at the three major 
aims of the bill: (1) To chart the Federal role in all atomic energy matters. (2) 
To foster industrial development of nuclear power and other peacetime aspects 
of atomic energy. (3) To permit broader exchange and transfer of information 
and materials on atomic energy with friendly foreign nations. 

Main Senate controversy came over President Eisenhower's directive to AEC 
to shift part of its Paducah, Ky., power requirements from Tennessee Valley 
Authority to private utilities. When public-power Senators failed to sidetrack 
this directive, they tried writing their views into various sections of the bill. 

Main differences between House and Senate versions of the bill were on 
patents and electric-power issues. To iron out these differences the two versions 
were sent to a House-Senate conference committee made up of ten of the top 
members of the Joint Congressional Committee on Atomic Energy. 

Major issue to be resolved is over patents. Conferees must find an accept- 
able solution to House-Senate differences on this one. The Senate tightened 
requirements for compulsory licensing of peacetime atomic power patents by 
extending the mandatory licensing period of basic patents from five to ten years 
after enactment of the new law. The House deleted the compulsory licensing 
provisions, except that inventions conceived while the inventor was employed 
by the Government are to become public property. 

Only other sizeable House-Senate controversy comes on public versus private 
power issues. These had to be ironed out: 

(1) Senate voted to authorize AEC to go into the electric power business, 
building atomic power plants as money is provided by Congress. House action 
would expressly forbid this. (2) Senate would give preference in issuance of 
atomic power-plant licenses to public bodies and rural electric cooperatives in 
high-cost power areas. House voted down the same sort of provision. (3) 
Senate voted to create an AEC division of civilian Application. The House 
turned down this proposition. 

After three days of discussion, status of conference committee action on 
Aug. 5 was: Difference on patents section continued despite several compromise 
attempts. On AEC going into power business, this would be permitted only 
so far as experimental “demonstration” plants are concerned. Conferees also 
spelled out fact that other Federal agencies are eligible to apply for licenses to 
build and operate atomic power plants if they can gain Congressional authoriza- 
tion and funds. 





Developments in U. S. atomic energy program in last six months, as reported in 
16th Semiannual Report of AEC, include: 

Production of uranium attained record levels. There are now 530 U. S. 
uranium mines; 15 contain more than 100,000 tons of ore. 

Capital investment in atomic energy production plant facilities is now at 
$5.7 billion. 

AEC predicts industry will spend $5 million in 54 on reactor activities. 

University of Michigan has received preliminary AEC approval for its 1- 
megawatt research reactor. 

A 1-4 megawatt swimming pool reactor (known as “Omega West Reactor” ) 
will replace the recently dismantled plutonium fast reactor at Los Alamos. 

AEC predicts AEC and contractor operations personnel (for production, re- 
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LATE NEWS (Continued) 


search and development services ) will increase to and level off at 82,000 by 1956. 

Four 324-ft towers have been completed at Oak Ridge for experiments with 
aircraft reactor shields. Protective shielding for the crew and a test reactor with 
its own shielding can be suspended from these towers well above ground, 
simulating shielding conditions of an airplane in flight. It is expected that air 
and ground scattering effects will be determined and divided shields (NU, June 
54, p. 85) will be optimized. 

* 


The first known instance in this country where a reactor has been made to “run 
away” occurred at the National Reactor Testing Station, Idaho Falls, Idaho, on 
July 22. Argonne National Laboratory, in continuing its “borax” tests on a boil- 
ing-water reactor, pulled out all stops in testing the stability and safety of the 
reactor. In 1953, it was expected that under such conditions the reactor core 
would melt and allow the escape of radioactive fission products. This did not 
happen then. In the July 22 test, although the reactor vessel did give way and 
fission products were released, the inherent safety of the system was proved 
again because of the extremes to which the reactor had to be pushed. 

The AEC announcement on this development said: “During an experiment 
at AEC’s National Reactor Testing Station this morning, there was a large 
instantaneous release of energy accompanied by some radioactivity. This ex- 
periment, of a type for which the testing station was established, was at a site 
removed from the permanent installations. There was no overexposure of 
personnel to radioactivity and no hazards resulted outside of the immediate 
vicinity of the experiment.” 

e 


Plans are being accelerated to build the first nuclear power station in Australia. 
Latest proposals are aimed at incorporating such a station in the $1-billion 
Snowy Mountains Hydroelectric Scheme. 

é 


AEC proposed last month that, until nuclear power becomes competitive, elec- 
tric utilities combine with AEC each year to build the “reactor of the year,” the 
plant that would provide the greatest technological advance at minimum cost to 
government. The utility would provide an “amount of money equal to the cost 
of a conventional plant for the location in question, while AEC, as part of its 
research and development expenses, would finance the balance. ... Govern- 
ment would also purchase byproduct plutonium at a fair price.” 

It is reported that this approach may be applied to the General Electric 
proposal that a dual-purpose plant be built at Hanford. Private utilities in the 
northwest have been considering a cooperative effort, with the power produced 
to be fed into the northwest power grid. 

* 


The first Swedish nuclear reactor began operations on July 13 at 1 watt. It will 
shortly be run at 100 kw. 
« 


The Lower Chamber of the Dutch Parliament has approved a $2.2-million State 
contribution toward the building of a $7.4-million experimental reactor in The 
Netherlands. 

e 


AEC predicts present savings of $100-million per year to industry through use 
of radioisotopes will jump to $1-billion per year by 1964. Radiation instrument 
business will grow, according to AEC, from $20-million in 1952 to $35-million 
in 1956. Although 300 U. S. companies are now using radioisotope thickness 
gages, it is estimated that only 5¢ of the market has been tapped. 
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Jerome D. Luntz, Editor 


Freedom and Progress 


XAMINATION OF WORLDWIDE ADVANCES in science 

and technology made in recent vears would pro- 
duce the conclusion that civilization has “ progressed.” 
\ direct product of this progress is the increased 
ability of nations to make war. And security, it 
is felt, comes to those nations that have the greatest 
A concomitant of this philosophy is 
the withholding from un- 
authorized persons of specified scientific or technologi- 


military might. 
that technological secrecy 
cal information or devices—enhances this security. 
Virtually no one objected to the complete secrecy 
that blanketed the atomic bomb project during 
the war. In the _ first 
however, 


several years after the 
considerable  outeries 
against the stultifying effects of secrecy. But then, 


when this had no effect, people adjusted to living in 


war, there were, 


a society where secrecy was commonplace. It is 
ditheult to argue against it because of the intangibles 
involved and because those who do so are accused of 
‘selling out to the enemy.” 

One of the best expositions of the pitfalls of secrecy 
that we have come across was made by Lloyd V. 
Serkner, president, Associated Universities, Inc., at 
the International Nuclear Engineering Congress in 
Ann Arbor on June 24. He called for a “deep and 
searching inquiry into the restrictions on technological 
information”? and suggested that the following six 


factors be considered: 


] In a democracy it is absolutely impossible to 

cloak a large undertaking in full security. It is 
like trying to hide an elephant under a paper hat. 
There are only two alternatives: (a) an absolute Iron 
Curtain of the Russian type around the country, with 
full control of all individuals, products and informa- 
tion, or (b) application of security to a small but sensi- 
tive area of technology in a very restricted sense. 
\loreover, we stand to lose most when we do try to 
cloak a large undertaking, for we acquire neither the 
security of technological information nor the security 


ol progress, 


2 Widespread security of technological informa- 

tion is inimical to the security of progress, whichis 
based on well-developed weapons and men trained 
to use them effectively. In the absence of an Iron 
Curtain, security of information must depend on 
knowledge. Very _ little 


compartmentalization is needed to destroy scientific 


compartmentalization — of 


progress or to restrict training and limit tactical 
familiarity with new weapons. Therefore, if we are 
to have security based on progress, the information to 


be restricted must be sharply defined. If, eventually, 


we should have to fight, we must decide now whether 
it is to be with effective weapons about which an 
enemy knows a great deal, or with pieces of paper 
about which he knows nothing. 


3 The regulations necessary to the maintenance of 

secrecy in large areas of technological informa- 
tion condition the scientist to avoid the conception of 
militarily valuable ideas. Although responsible men 
resist such conditioning, the resulting frustrations 
inevitably reduce his creative effectiveness. Further- 
more, excessive security prevents some of the world’s 
most creative men from contributing to our national 


welfare. 


4 The secrecy of technological information is in- 

compatible with the public policy function of a 
democracy. 
tainty that policy-making officials will possess the 


In our elective system, there is no cer- 


competence required for wise decisions or even under- 
stand what elements of information are important. 
Moreover, even assuming the wisdom of  policy- 
making officials, sound policy results from the careful 
examination of the facts by the people of our nation 
and depends upon their diverse training and interests. 
Secrecy prevents the discussion necessary to such ex- 
amination, and compart mentalization prevents proper 
evaluation even by trained specialists. The public 
press is the source of the intelligence that really most 
influences our policy-makers and military leaders. 
No adequate substitute ean be found in internal in- 
telligence, because information unevaluated by public 
debate lacks the convincing quality resulting from 


public review, 


5 Widespread secrecy of technological informa- 

tion keeps the public ignorant of the adjustments 
it must make in the face of technological change. 
Failure to make adjustments to an evolving environ- 
ment has in the past led to the extinction of a species. 
Yet the desire to make such adjustments can emerge 
only from a sound understanding of the alternatives 
us they become clear from public debate, or from the 
society unwittingls 


ultimate disaster into which 


blunders. 


6 Widespread technological secrecy with respect 
to national capabilities may lead the enemy to 
underestimate our power, and encourage him in ir- 
responsible adventures leading to war. There are 
many examples of this, though none can be proved ab- 
solutely, since events never conjoin in the same way 


in history. 











Development of the 
Second French Reactor 


By integrating the technical chronology with the philosophies underlying 


construction of the Saclay reactor, the director of the project 


paints the best available picture of the French advance towards nuclear power 


By L. KOWARSKI 
tall 
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Its first go vas to 


early in L946, r 
duce a low-power reactor sufficient 
exhibit the nuclear chain reaction in 


simplest form and free fr nreot 


cupation as to what to do wit ts ¢ 


ergy output. This first reactor 


Zoe, came to life at the end of 1948: this 


was. for French reactor designe { 
end of the first stage and ft 
of the next 
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Choice of Reactor Design 
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production of metalli 


nium Was Just getting into its stride 

It is reasonably certain enough would 

( ilable in time to fuel a heavy- 

iter pile, but hardly enough to en- 
ut t graphite-moderated reactor 


would require at least ten times 
e metal For cooling a choice had 

to be made between four variants. 
1. Circulation of heavy water in 
bulk. Thissyvstem, already well known 
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3. Circulation of compressed gas 
along the rods. It was natural to 
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The Saclay Reactor: Construction and Operation 
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examined in August, 1949, by the High 
The 


third variant was chosen because of its 


Commissioner and his advisors. 


importance for future reactor technol- 
ogy; its power vield was judged reason- 
ably high, taking into account the level 
of specialized knowledge (in particular 
as regards metallurgy) reached at that 
time in France. We were well aware 


of the interest: previously shown by 


American and British specialists in 
compressed-gas cooling, and we knew 
that. in thei 


atomic development, the building of 


the conditions of own 
a reactor of this type was provisionally 
We did not know that this 
provisional state of things lasted well 
1952, at British 
Our 


post poned., 
into which time the 
decided to build a gas-cooled pile. 
earlier initiative Was original to a much 
greater degree than we realized then. 


The performance of an entirely novel 


Vol. 12, No. 8 - August, 1954 


device cannot be foreseen with any de- 


gree of accuracy. The project’s au- 
thors ventured the hope that the power 
yield per ton of uranium would be some- 
This 


latter figure was considered as a ceiling; 


where between !3 and !, Mw. 


safety components, such as the concrete 
The 


nvested in the re- 


shell, were designed accordingly. 
weight of uranium 
actor was kept to its strict minimum of 
about 3 tons, corres ponding to a total 
output between 1,000 and 1,500 kw. 
With its novel cooling system (see 
reactor description above), the Saclay 
reactor* was intended to open a new 
chapter of nuclear technology ; its main 
purpose was to give useful information 
reactors tree ol 


for designing bigger 


* The known at 


Cyrano,” 


reactor Is so present 
Neither the nickname * given in 
the Zeep-Bepo tradition, Argonne- 


seem to have stuck, 


nor the 
style symbol “ P2’ 


CONSTRUCTION of reactor is shown by 
cross section. Criticality can be achieved 
with about 5%, metric tons of heavy water 
in reactor tank; in practice about 6!» tons 
are used to maintain a reserve reactivity. 
Total uranium mass of slightly under 3 
metric tons is divided among 136 rods. 
Each sheathed rod is suspended inside 
aluminum tube about twice rod's diameter; 
annular space surrounding rod is divided 
by another tube into two concentric tubular 
ducts. Compressed gas travels down- 
wards in outer duct, enters inner duct at 
lower end of rod and returns upwards, in 
inner duct, in direct contact with rod sheath. 
During downward journey gas helps cool 
heavy water, from which it is then separated 
by only one thickness of aluminum tubing. 
When going upwards, gas picks up heat 
from uranium rod. Each of the 136 double 
ducts is individually gastight; reactor tank 
itself is not built for high pressures. Cad- 
mium plates move vertically between tank 
and reflector for control; two safety rods 
can be dropped along tubular channels 
into central part of reactor 


EXPERIMENTAL FACILITIES (three channels, 
thermal column, and central thimble shown) 
are not as numerous as is desirable in a labo- 
ratory reactor, since this reactor is pri- 
marily a cooling experiment. 21 horizontal 
channels, 10 to 14 cm square, lead up to 
tank wall through biological shields and 
reflector; 37 vertical channels are located 
just outside graphite reflector; one central 
thimble, 6 cm in diameter, reaches reactor 
core. Single fuel elements can be replaced 
by more complicated structures such as 
uranium sleeves for fast-neutron irradiation, 
or experimental cooling devices 


whatever imperfections were found in 
the Saclay reactor itself. After having 
fulfilled its experimental role as regards 
the cooling system, the Saclay reactor 
could be assigned a permanent role as a 


source of radiations and radioisotopes, 


Construction and Testing 

After adoption of the projeet’s main 
the 
High Commissioner was set up to con- 


lines, a Commission headed by 
trol detailed design and construction 


Its permanent executive body was 
the Project Office comprised of L. Ko 
warski as chairman responsible for 
the carrying out of the project; Ek. Le 
Meur, chief engineer; J. Stohr, special 
problems concerning the use of metals; 
and J. Yvon, calculations and theory. 
M. Surdin (electrical plant and elec- 
tronics) joined the office at an early 


stage and a close contact was kept with 
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Five Piping Circuits Are Needed for Operation 





co 








Recombination 
compressors 














Ventilation 
fons 





Heot 
exchanger 


























i | 








Main compressors 





Heat 
‘ exchanger 











Storage tank 








Vacuum pump 








J 








- 


1, PILE COOLING CIRCUIT (heavy lines) 
uses two blowers, with third as standby, 
drives gas towards reactor at maximum 
absolute pressure of 170 Ib in® for nitro- 
gen. Each blower handles flow of 30-35 
metric tons of gas per hour, uses 400 kw. 
Exchanger 3 cools gas to 20-30" C before 
entering reactor. Gas leaves reactor at 
about 70° C (higher temperatures will be 
possible shortly), gives up its heat to ex- 
changer 2 (exchanger 1 not used at 


other participating d 
with app! ed chemistr’ 
schmidt) and physic 
Ciueron 
Chronologically 
as follows: 
1950: Detailed p 
main orders placed, | 


1951: Main 


trical components 


mechiatr 
Issel 


rods manutactured 
sheathed 

1952, first half: Asser 
of rods completed 

At the project’s « 
knowledge of meta 
its behavior under th 
relevant mechanical 
thermal factors, was 
An experimental 
topics was carried « 
tor construction 


By the fall of 


10 


Siem 
se =A stock 


present), returns to blower, and is recycled 
through reactor. 

2. WATER CIRCUIT (right) delivers cooling 
water to exchangers at about 15° C; 
temperature varies with atmospheric con- 
ditions. Heated water is pumped to top 
of cooling tower. Flow rate is about 200 
metric tons, hr. 

3. AUXILIARY GAS CIRCUIT (center) can be 
used to prime main circuit or to introduce 


additional gas. Storage gas tank is 


shown clearly the necessity 


ng certain definite steps in the 


manufacturing process to Insure 


ir future satisfactory behavior 
his meant that the set of 
that 


another 


rods nearly 


ipleted at time would have to 


be re placed by before the Tull 


design powel could be reached, 
In the spring ol 1952 the same pro- 
onal set of rods exhibited an unfore- 


n kind of corrosion: a study 


“l what 


QUICK 
| 


preventive measures had 


The provi- 


cura 


be taken in the future 
onal set itself had to undergo a “ 


ve’ treatment that dela 


ved its use by 


it 3 months 
riticality reached on October 
liter 


ita low power, the 


Wiis 
1952 a few weeks’ physical 
output was 
UV raised ina series of tests Ccom- 


l Marel The main 


Vere 


con- 


1953 


a closed 


mpressed-gias COOHNY, In 





—_ 


filled directly from delivery bottles; com- 
pressor raises gas pressure to main-circuit 
level. Vacuum pump removes gas from 
main circuit if change of gas is necessary. 
4. RECOMBINATION CIRCUIT (top left) in- 
cludes catalysis chamber to remove radi- 
ation-produced deuterium and oxygen 
gases from D.O gas above heavy-water 
level in reactor tank. These gases are 
potential explosion hazard. 
5. VENTILATION CIRCUIT 


(bottom left) 


There 


Is no unforeseen 1 whoucetivation ol the 


Satistactory 


otherwise. slowers 


French 


work satisfactorily ; 


ris Dy aust or 
condi- 


the be- 


ronts is good 


unusual in 


tions tvpe 
havior of their gastight 


Heat-transfer efficiency is rather better 
than ¢ ype ted 

2. In our 1949 ignorance of 
havior of the 
hoped that the surface temperature of 


our rods could reach 250° C at the hot 


i 


the be 


metallic uranium, we 


test point Inthe light of our increased 


metaullurg knowledge, however, we 


slow to avoid the 

would endanget 
the functioning of the reactor 
ven the possibility ol its 


maximum of 115° C 


repair. 
Wiis 
imposed penamng replace- 


ment ol Visional rods 


3. Cias-flow distribution between the 
established at 


36° individual ducts 
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Cooling tower 























Woter pumps 














Cooling-water tonk 


removes air possibly contaminated with 
radioactivity from spaces adjoining coolant 
gas lines and reactor, exhausts it through 
stack. Supervised zone, in particular the 
graphite reflector, basement housing ex- 
changers, hoods surrounding compressors, 
and trunk gas lines, is constantly monitored 
for atmospheric radioactivity. Recircu- 
lation of coolant gas may make impurities 
in it dangerously radioactive, and circuits 
are never 100°, gastight. 


had to be 
in the light of ou 


first on theoretical grounds, 
adjusted gradually 
measurements on the spatial distribu- 
the 


Suggestions as to the desirable 


tion of neutrons inside reacting 


spac c 
machinery ad- 


the 


and accuracy of such 


ustment have been derived for 


benefit of our future installations. 
4. The motion of the gas in the alu- 


minum pipes lodged in the reacting 


space generates vibrations; this phe- 


nomenon Was expec ted, but some of its 
culminating In a 


maniestations, suc- 


blows, not. 


cession ol jerks and were 
It was decided to insert in these inter- 

| pipes a set of metal pieces suitably 
the 


hand, 


to attenuate vibrations; 


on the other to strengthen 


oints between the “nuclear”? (alu- 


um) and the “outer” (steel) region 
he gas circuit 
4 period devoted to low-powel 


physics, mechanical alterations and a 
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mechanical and metal- 
full- 


Wiis 


detailed study 
lurgical) of the second set of rods 
the 


in September, 


powel operation ol reactor 


resumed 1953, on an 
intermittent schedule, allowing for full- 
power runs, variable power, and shut- 
downs for inspection and adjustments. 
The limitation of rod temperature set 
a maximum for the full power, kept be- 
1,050 kw, that 
Meteorological flue- 
tuations have a direct effect on cooling 


tween S850 and varied 


with the weather. 


efficiency of the water circuit. 

All minor disturbances and stoppages 
during the subsequent half-year not 
only were easily remedied, but added to 
our understanding of this new kind of 
mechanism and prepared our engineer- 
ing personnel for its much more arduous 
future task of running bigger and less 
approachable nuclear plants. 

On the 
shown that dismantling, repair, and 


whole, oul experience lias 
reassembly operations seem to be less 
drastically precluded, even in the most 
active regions of the reactor (provided 


it is not than we had ex- 
pected. It 


clusion, On it 


operating), 


seems that a similar con- 
reactor 
from the 


the NRX 


higher level ol 
derived 


with 


technology, can be 
Canadian experience 
accident. 

In March, 1954, the 


the Saclay reactor: 


provisional rods 
were taken out of 
when insertion of the second set is com- 
pleted, we expect much higher rod tem- 
double 

This 


stepwise rise towards design power and 


peratures and (approximately 


the powel output to be possible ° 
then beyond it, parallels the history of 
The 


vears at 


some earlier reactors. sritish 


Bepo”’ 


60° of its design powel until an essen- 


stuved a few about 
tial forward step in metallurgy had been 
The 


such cases usualls 


made. necessary progress BS in 
due to observations 


made with the help of the reactor itself. 


Results to Date 

The contribution already brought by 
the Saclay reactor, at its 1,000-kw level, 
to French atomic development can be 
summarized under three headings: 

1. As a ‘testing bench.”” Practi- 
cal proof the first 
time that a reactor can be used, steadily 


has been given for 


and reliably, to heat a compressed-gas 


* 


ably 


Was 


NOTE This operation, 


directed by J 


ADDED IN PROOF: 
Robert and R. Uguen, 
Early in July, 
resumed at 1,500 kw 
point provisionally at 200° C 
Higher temperature ind 


cou pleted June 


steady operation is 
with the hot 
outputs will be 


attempted short 


current, thus opening one way towards 
economic production of motive power. 
This way is, at present, being explored 
by the British 

In addition to this demonstration of 
number ol 


feasibility, a smaller prob 


lems (interchange of gases, distribution 
of gas flow, vibrations, gastight joints 
has been solved 

2. As anobject of physical research. 
Numerous physic il aspects of the chain 
reaction have been studied: spatial dis- 
tribution of radiation in and around the 
reacting core; effect of different gases on 
the 
states; fission-product poisoning; prop 


reactivity; kKineties of transient 


neutron Waves some ol 
notably by \ 
J. Bernot, has been reported at the Oslo 
August 


Journal de Pi 


agation. ol 
this work Raievski and 


1953, or pub 


Conference of 
the 


lished = in ique 
(Paris 

3. As a source of radiations. At 
1,000 kw, the Saclay reactor offered a 
about 4 * 10 


reactors 


central flux 
the British 


higher 
than 


and was comparable with 


laborators 
srookhaven, 
CTOSS- 


used for 


for stucly 


Its radiations wer 


section mensurements 
neutron-induced displacement in ct 

talline lattices Wigner effect’ ini 
for occasional radioisotope production, 
much of a 


The Saclay reactor is not 


plutonium producer. This production 


is proportional to the total uranium 


mass present in the reactor, wheres 


the designers aimed prec iselyv at keep- 
A few 


dozen grams already accumulated will 


ing this mass as low as possible 


serve, however, to increase our knowl- 


edge of this element 


Future Prospects 
France's present atomic hive 
Plan” 


scope of the national atomie effort and 


Year 


aims at enlarging the industrial 


at bringing France to the threshold ot 
a paying power production. Reactor 
development is directed simultaneous!) 
at the production of plutonium in 


“eoold.’’ Windsesle-like st: 


the building of high-temperature 


and 


ind 


uetures 


high-flux prototypes. 
The Saclay reactor, even after | 


“provisional stage 


transcended its 
then. soon to lose its prominent post- 


rene] 


progress. The gropings of it- 


tion in the vy: utomic 


idoles- 


cence having vielded their expected 


harvest of knowledge the reactor will 


soon reach its maturity as @ 


quiet 
steady source of radiations and radio- 


Isotopes END 
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How Important 
ls Surface Contamination? 













A survey of radium and uranium plants shows that surface monitoring is less indicative 


of personnel hazard than air sampling and bioassay. Costly surface decontamination 






is unnecessary unless warranted by effects on airborne dust or external radiation 





By MERRIL EISENBUD, HANSON BLATZ, and EUGENE V. BARRY* 
Health and Safety Laborato 

U.S. Alomic Enerqy Co 

New York, New York 














FIG. 1. Alpha-contamination measurements 
of uranium and radium plants 
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TABLE 1—Summary of Plant Measurements 
F loo 


/ / 
contar na 


dpn 100) ¢ 


5,000 70.000 3.000 2,500,000 
1.000 21,000 32 1.059 1,200,000 
SU 2.000 3 750 


S 3 5 14 22 





5,000 51.200 


1.200 258 


24 “5 i) 


ieing surfaces regarded p ‘ \ Q 


DECONTAMINATING and 


ntaminated with radio- ) 73 , 1.400 


i burden on the main- 


i of plants and labora- ‘ . pe 


active materials. In : ‘ 7 . 


face contamination, 1,000 13,000 


formation has not heen ; a — 
350 2 
ecuse ol radioactive 

) 1) 
air and water. 2 G00 34,700 


ries, careful surveys 1x 6 OM 
nation are necessary 
radiation baekground 1” 
Oses However, our "7 2 400 
oneerned with the more 2:3 : 3 a7 
which surface con- 
idered in relation to 
or inhalation. 
tuken studies of sur- 
inh radium dial 
rocessing plants, and 
ries in an effort to obtain 


quantitative information 


! 
eClat onship between surface ‘ ‘ 9 


nation and atmospheric dusti- 3 85,500 
ils rious indices of absorp- 13 5 23 G00 
1} 
1 

a0 

15 


i) 


is urinary exeretion and | 


Radium Plants 


nm industry was limited to 
on of materials on a rela- 
scale Tor medical and rc 
eations until the onset of 
luring which great im- 
om the development 
dials for watches and 
1924 and 1925 (0, 
LU pOIsOnIng Cases 
ttention to the potential 
ndustrv. These cases 
ing are attributed to 
mouth pointing the 
ipply paint to dials. 
has long been discon- 


with the adoption bv the 
21 


Figures for re rvab cont mination obtained from st 


sensible industrial hygiene 
+ The sampling times employed for air contamination \ 
ress: National Lead Co. t The notations in the | olumn refer to highe 


value (L) and nu er O mples (No 


() 
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practices, the radium-dial painting | “T TTI rs T 

industry has enjoyed a good health OE urrenthy used = tH i 4 

record in recent years. maximum permissible —+4++ ‘€ = AT neo me a A it 
Seven radium dial-paint ny estat E ws sie t's } Ht 9 ada andi tf ; 

lishments were included in our stud 10°} | H E104 a A ’ 7 x } 

In addition, we surveyed two ints E IE . Cit t 

that perform chemical manufacturing > ; | S | | 

operations on radium salts The s 6 8 ; a 

veys included alpha-meter readings and e™ : rt y tt 

smear samples 5) at randot itions 5 t € he | | 

on work surfaces, us well as selective ; L.. . | 

readings and smears from tools, instru- & 10 ue 210% 4 

ments, and smocks Air dust samples = ri Wht $ : | T 

were collected in the breathing zon - Hl 5 | 

workers us well as in the genera n : | = x | | 

workrooms The surve ver hie 10 10 S| 10 (ey 

uled so that expired air sample vu a ae eee Air Dust (dpm/m>) 2 ale 

be collected from employes M FIG. 2. Total floor contamination (fixed and FIG. 3. Mean transferable contamination 


morning before entering 


Where possible these s role 


day 


roots 


transferable) monitored with meter 


(dpm 100 cm 


smear) 





a long (3-d veek 


were taken after 


TABLE 3-—U-Plant Excretion Samples 





end or after a vacation pet TABLE 2-U-Plant Surface Activity 
technique devised bv Harley ef f 

One plant was surveved three t S Vi G Pieces 
for reasons given late \ 7 / j 
two large plants were « nting 100) 10K Pla , 
establishments \ total of 26 e1 / 
plovees of six of the plants r | HH -- 0 025 
pled Gin duplicate) for breat " H 15,000 800,000 10) \I 0 0.011 

A summary of the measurements M 15,000) 600,000 1 L, 6 0 OO] 
given in Table | and Fig | 2,500 500,000 ) Né Hi) 5 

H 11,700 12.4 
Uranium Plants M 2,000 22.5 
| 200 2 N HH 0.022 

Data from five uranium-processing Ml H +600 1.9 . ot pron 
plants operating under contract t \I 600 g ] | 0.003 
the Atomic Energy Com F | 21K) - ~ 
been reviewed. These plant H 22.900 127 
gaged in the preparation \l 9 O00 13.7 
Uranium compounds in t | 1.100 12.8 p i] 564 0 O58 
metal ) H 64.000 313 \ O34 0.021 

In these plants the leve \I 50,000 1 ] i2 0.005 
dust contamination of the | 10,000 20.0 Né a) a0 
air is the criterion by wl t { 
ence of an internal radiation : t parameter than the other Ipha wit! tte ran change In equipment 
judged Local exhaust ent t ntamination measurements s oa or methods 
the principal method | riterion of the general plant radio- To inquire as to whether floor con- 
dustiness is reduced. The } t ise- gical hygiene An examination of tamination is related to the dustiness 
keeping procedures are, of ( ! the figure shows slight relationships of the workroom air, the mean value of 
important part of the rad y I betwee! certain other parameters. rene air contamination was plotted 
iene program but these ty} I example, the floor-removable iwainst the value of total floor con- 
of modern-day chemica t ! fl total and work surlaice-re- tal tion Fig 2 This seatter 
tenance No routing Thi ements ble’? contamination show some diagram suggests that i slight relation- 
of suriiee  contaminat ( ( trend in the same direction = the s| exists An eve-fitted curve indl- 
For comparison pury f contaminatior (mis cates that if a limit were to be set fo 
surface Contamination Plant A data in most ses ilp 1 contanunatior eCAUSE « 
and sampled in tive of t educe eliminate. the trend its elationship to irl e dust u 
the results are show | I tion of this plant cou s- these nts, it should be the orce 

i , he justified because of the er- 10 100 em? inste the values 
Discussion of Data NE AEE EPO IE AR a ails sa ae etal anal 

In Fig. 1, the collect { ere the thie plants. It is the This 1 th Sin vé g creement 
arranged with respect to the degree int engaged exclusively in chem with the les ; ¢ under simu- 
of general air (dust) contaminatior separati and has been ted lated king conditions Baile 
since there is more evidence t Ip} t the me lilding for n ears ind R ? The vive a ratio of 


14 
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20 (dpm/m* air) (dpm/em® surface), 


which compares to our ratio (con- 


verted to the same units) of 7 unde 
actual working conditions 


It was expected that there should be 


a closer” relationship between — re- 
floor 


dustiness of 


contamination and the 
the general 
Although a 


wears to exist between these 


movable 
Wor kre OTM 
rela- 


atmosphere lesser 


tionship apy 
variables (Fig. 3), an eve-fitted curve 
ite a removable contamina- 
tion figure of the order of 10 dpm 100 


the 


would indie: 


correspond to 


maximum 
dlust 


CTMIsSSib le ill concentrations 
ised | us for uranium and radium. 

nary excretion of uranium, as 
given in Table 3, is not of a hazardous 
the 
24 hr recommended 


order The levels are well below 
ilue of 50 wg per 
upper level of the permissible 

Newman (8 These levels 
explained by the exposure to 
dust. It 
noted that the employees in plant N 
hig! but 


excretion 


inhaled uranium will be 


suriace low 


dust 


contamination 


airborne have a low 
rate compared with employees in the 
other uranium plants. 


(or ft 


e 26 individuals whose breaths 


were sampled for radon, five exhaled 


itions in excess of the recom- 


concent! 


mended maximum of 10 curles pel 


ter. The five cases were studied 
th the following conclusions: 
1. One case (in Plant A) can be 
ittributed to generally poor industrial 


of which the high levels of sur- 


hyorens 


face contamination and air dustiness 


mptoms. This plant is engaged 


In man 


operations affording an oppor- 


tunity for heavy-breathing-zone con- 


tamination, which was not sampled in 
this survey. 

2. One case 
gaged in a particularly 


dial 


generate 


involved a worker en- 
hazardous 
which is 


operation stripping 


known to relatively large 
Plant B). 


3. Three cases involved workers who 


amounts of dust 


had been engaged in this work in excess 
of eight vears, partly in another plant 
under conditions reported to have 
offered greater potential exposure than 
at the plant surveved (Plant EF). 


It should be pointed out that the 26 


individuals selected for breath sam- 
pling were chosen because of then 
relatively heavy exposure, either be- 


eause ol the work performed or their 
They 


only about 10% of the total exposed 


length of service comprised 


employees of all the plants surveyed. 


In one plant, an opportunity was 


afforded to study the effect of time on 
the 


This plant Was surveyed afte 


levels of surface contamination. 
mins 
years of operation prior to moving to a 
new location where another survey was 
made three weeks after the operations 
had been transferred and new benches 


hoods had installed. The 


survey Was repeated after another six 


and heen 
The results of the three sur- 
as D, Band C, 
tively, in Table 1. It is 
that the 
total and 
tamination in this plant 


months. 
vevs are shown respec- 
interesting 
the 


Con- 


magnitude of 


removable 


ordet ol 
suriace 
aus well as the 
about 

(\c- 


a de- 


radon, 
three 
tually, the final survey showed 


air dust and room Wis 


the same for all surveys. 





installations 


energy 


} 


one an area of the orde r of 100 cme. 
l nti 


in ind 


istrial intoxication. 


radium 


dial-painting industry. 


In ext 


fosnat 





Is Ingestion Important? 


lneertainty as to the significance of surface contamination in the estimation 
of personnel hazard ts evident in the various standards adopted at major atomic 
Maximum levels of permissible alpha surface contamina- 
ion range from 00 to 2,000 cpm 100 cm?, as measured with a survey mete Tr. 


and from zero to 100 « pm for smears obtained by u iping a prece of filter paper 


about 25 years ago, at was believed that inge stion was a major factor 
This was partly due to the experience in the 
In the second quarter of this century, inhala- 
ion rather than inge stion came to be re garded as the prin ipal mechanism by 
hich a toxic Ss thstance is absorbed into the hody a » 


iding ingestion as an important factor, there is no intention to under- 


estimate the dangers of unusual circumstances that might result in the ingestion 
of excessive amounts of a toxic or radioactive substance Hlowever, under 
ordinary conditions of workroom or laboratory operation, there is insignificant 


ity for tactile transport of contaminants to the mouth. 
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crease from the earlier survey of the 


new plant on all counts 


Conclusions 
The data 
tion of 


that 


radioactive 


contamina- 


suggest 
surfaces by mate- 
rials is not in itself a good criterion for 
judging whether hazardous conditions 
exist In a work area. It is probably 
unsound to establish a maximum per- 
missible level of surface contamination, 
because the acceptable level in’ any 
given situation will depend on many 


factors, such as the physical state of the 


contamination, the amount of trate 
in the area, and ventilation 
In view of the high relative radio- 


toxicity of radium and the satistactory 
health record of this industry in recent 
ontatmina- 


studied 


vears, the levels of surface « 


tion prevailing in the plants 
can be regarded as not objectionable. 


Time-consuming surface monitoring 
procedures should be deemphasized in 
relation to air sampling and bioassay 
Costly decon- 


not be 


criteria of absorption 


tamination of surfaces need 


undertaken unless the surfaces are so 
heavily contaminated as to be reflected 
in excessive atmospheric dustiness o1 


external radiation levels 


* * * 
This st idy was possible only because of the 
splendid cooperation of many others Nev- 


eral non-AEC 


available to us, fo 


made the facilities 


which we erpress ou 


plants 


apprecvation 


Several surveys were made in cooperatior 
with the Veu Yor! State Depa fment of 
Labor, Division of Industrial Hygiene and 
Safety Standards. Saul Harris, radiophysi- 
cist of the division, arranged for the surveys 
and assisted in them 

The breath-radon sampli us measured 
hy the Analytical Branch of this laboratory 
and some of the sampling was done personally 
by Dr. John Harley, Chief Keran O' Brien 


of the Radiation Branch assisted in assembling 
much of the data 
Vuch of the urinary anium data 


elationship to 


and 
measurements showing ther 


d thro igh 
Vallinc- 


air-dust concentrations were obtains 


the COO pe ation of Vont Vason of the 


krodt Chemical ¢ ompany 
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Control |,250 


REPRESENTATIVE TUBERS from control and irradiated samples 8 months after irradiation. 


months after irradiation 


5,000 20,000 


80,000 106,250 


Same tubers are shown on front cover 15 


Improved Storage Quality of Potato 
Tubers after Exposure to Co” Gammas 


Gamma radiation, particularly from 5,000 to 20,000 r, can greatly prolong 


storage life of potatoes. 


Katahdin variety tubers were exposed to about 


1,250, 5,000, 10,000, 20,000, 80,000, and 106,250 r; effects on taste, 


sprouting, shrinkage, internal black spotting and texture were followed for 


18 months. A taste panel preferred irradiated samples over controls after 


8 months and found no undesirable taste in any irradiated samples even 


after 18 months’ storage. 


Sprouting was reduced at the two lower dosages, 


completely inhibited at 20,000 r or higher. Weight loss during storage 


was greatly reduced at all but lowest dosage. After prolonged storage, 


lowest dosage sample and controls showed severe softening; highest doses 


produced some softening. 


irradiated with 20,000 r were still 


firm and excellent in appearance after 18 months of storage 


By A. H. SPARROW and E. CHRISTENSEN 


Biology Depa tment, Brooks} 


l pton, New York 


REACTIONS OF POTATO 
growing potato plants to 4 


{ 


ages and kinds of ionizing 
have been under observatiot 
vears at Brookhaven Nation 


tory (1-5). Several of tl 


ments indicated that the storag 


itv of irradiated potatoes 


considerably better than thos 


treated tubers A specifi 
was undertaken in Decer 
test the validity of these 
results are reported here 
Tubers of the Kat 
weighing between 90 and 
were seleeted for 
somewhat small size 
Was necessitated by the 
diameter of the hollow rad 
used. The tubers w 


the Brookhaven hot 


16 


radiation from Co The 
ities used for this experiment 
h have been described elsewhere 
a dose rate of 17,500 r/hi 
of 24 tubers received total 
1.250, 5,000, 20.000) and 
S0,000 r respectively. A 


5 tubers 


idiation the potatoes were placed Ith 
cardboard ice cream containers 
Kept in a vegetable storage room 
perature varied from abot 
or | month, after wl 
“l to a constant-tempet 


fat S° to 7* 4 


Physical Observations 
the irradiations 


ileasurements were nh 


of IS months Representa- 
tive tubers from each sample, photo- 
graphed alter S months, are shown 
This same set of tubers photo- 
phed altel 15 months of storage ts 
own on the front cover As clearly 
nated above and ) the cover ui 
inhibition of sprouting occurs 
1.250 r, and almost complete inhi- 
ifter doses of 5,000 r or higher 
be noted that the 5,000-1 
is more wrinkled 
ibly more sprouts 
r this dosage 
months of storage, the 
m the control and two lowe 
removed and weighed 
+ dosages Was 
iwhts {f the 
its in the control 


nre presented 


n the controts LOLS‘ 
SO.000-r lot, and a minimum 
| 20 000-1 
inl IS months a new 
veloped on the conti 
amples; values in the sixtl 
imn of Table 1 represent the 


of both 


eonsiderabdl 
luted samples 


miv 20% 


results presentec 
adiated sam- 
and suffered 
the controls. 
lifferences in loss 


" ] 
“dT samples re- 
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TABLE 1 


Effect of Gamma Radiation on Sprouting and Loss of Weight in 


Potato Tubers 8 and 18 Months after Irradiation 


1¢ 8S months 


Vean sprout 
wit, per 
tuber 


qui 


5.000 
20.000 
SO) CM) 


106.250 


ng at this dosage 


clude 


weight of sprouts 


Loss in 
weight 


(¢ 


‘ 


(18 


Onthns 


Vean tuber 


weight 


Loss in 


weight 


Vean sprout 


N , , c7 8 
§ ( i ( co} 


+ Tuber weight ludes sprouts 


§ Loss in weight cludes sprouting, i-e., 


actual weight loss plus weight of sprouts 





5.000 r, 20,000 r and SO,000 r 
different, other 
alled upon to help 
These 


appearance, texture, 


significantly 

must be ¢ 

he optimum dosage. 
1 are 

iutritional value. 

the ir- 


rs after S months storage 


a | nal “appearance © 


from each other or from 
xeept in regard to sprout- 
| However alter 1S 
20.000-r lot appeared to 
condition than the 
5,000-r lots 


better 
the 1,250-r o1 
re The visible difference 
» three higher dosages was 
On the basis of appear- 
ix, therefore, difficult to 


these three dosages as 


superior to the other two. 


Taste Tests, Other Factors 


f taste tests after 1, 4, 
onths storage 
\t test 
rom each sample were selected 
salted Treat- 


unknown to the tasters. 


are given in 


each one or two 


qoin water. 
t months of storage, the tests 
yshow 


any significant difference 


between control and irradiated 
hetween the different irradi- 
ples However, by the end of 
f storage, the tasters showed 
preference for the irradiated 
difference 
Afte! 
three samples appeared 
condition to 
nt taste testing. All three sam- 
20.000 and SO.O00 


d again no clear 

he different dosages. 
hs onh 
good enough 
5.000 were 
most of the taste 
ol the 


ceptable by 


ne However, 
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hive nine 


tusters noted that the SO,Q00-1 sample 


had a sweet taste It seems, therefore, 
that on the basis of taste the 5,000- o1 
20 000-1 samples were the 
alte! 
Texture is also an important quality 
Up to 4 after 
irradiation the potatoes in all the sam- 
ples were firm and unwrinkled. At 


S months the 5,000- and 20.000-r sam- 


most satis- 


factory IS months 


In potatoes. months 


ples were still in good condition, but 
the others showed some tendency to 
soften. At 1S months the 5,000- and 
20,000-r samples were mostly still quite 
firm, the SO,000- and 106,250-r samples 
were somewhat softer, while the con- 
trol and 1,.250-r samples were very soft 
and badly wrinkled. 


Considering the results after S and 
can try to select 
The 
12.9% loss due to sprouting and shrink- 
age would make the low dosage (1,250 


5,000 or 20,000 r, 


1S months storage, we 


the best dosage or dosage range. 


r) less desirable than 
which lost only 24.7 and 20.3 respec- 


tively. Likewise SO.000 r seems to 


offer no ad) antage and can be elimi- 
nated on the basis of requiring an un- 


duly long exposure time, The same 


can be assumed for higher dosages. 


Certain other factors should be taken 


au suitable ir- 
that 
Vv to develop 
black spotting following to 


,7,8 This dark- 


into account in choosing 


radiation dosage. It is known 
potatoes have a tendene 
exposure 
ionizing radiation 
ening is not visible externally except at 
but is neverthe- 
The 


value of the potatoes was not tested 


very high dosages (4 


less not desirable. nutritional 
but it seems possible that the vitamin 
content might be reduced at high dos- 
as has been reported lor orange 


ages 
juice (9). These considerations, plus 
those already mentioned, argue in favor 
of keeping dose as small as possible. 

It is that 
potatoes be greatly 
5.000 r and completely 


20,000 r, and that these 


concluded sprouting 
reduced 


inhibited at 


can 


dosages pro- 


long the useful storage life of the 


tubers. The storage temperature was 


5° to 7° C during most of the storage 
room temper 


low as 10.000 1 


period, but storage at 
ature with dosages as 
to control ot 


It)). 


also seems vive good 
sprouting and associated changes 
Further 


between 


dosages 


number of 
10.000 r is 


work at a 
1.250 and being 
with Dr. 
Vege 


Cl head 


collaboration 
the Island 
Riv 


These results will be pub- 


conducted in 


R. Sawver of Long 
table 
New York. 


lished in detail elsewhere 


Research Farm. at 


* . * 
esearch 1s 
Natio 


vU.8 


nal Laborato / na 
Lloamic Bone gu Camn 
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TABLE 2 Results of Taste Tests on Control and Irradiated Tubers 


ime atte 
radiation 


months 


tho to 


ind taste ae 


>, OOO 4) OOO SO.000 106,250 














Gamma Absorptiometry: 


A New Tool for 
Analytical Chemistry 


















































Gamma scintillation photometry offers several 


advantages over X-ray photometry: 





* Extreme stability of source intensity 

















* Decreased instrument complexity, size, and cost 














SR 


a” =~ 


* More nearly monoenergetic emission 


CSREES } Source 
cz] Leod shield ’ ’ 
[ON ei cremduster tube * Much wider range of photon energies (20-—2,000 kev) 


[ Detector crysta 





. . . 2 
FIG. 1. Gamma scintillation photometer 
source-detector arrangement 


By M. B. LEBOEUF, D. G. MILLER, and R. E. CONNALLY 
Pech il Section Engineer ng De pa tment, Hanford Atomi Prod is (J pe 
Gene Electric Company, Richland, Washir 


THE ABSORPTIOMETRIE 1. [extreme stability of source in Adequate shielding to safe radiation 
ploying radioisotopes . source tensit levels is easily accomplished. A 1-in 
gamma photons or X-radiation could 2. Decreased instrument complexity. — thick lead shield was sufficient to reduc 
he applied to a variet 3. Compact siz t] diation level from the source 
problems, e.g., continu 4. More nearly monoenergetic char- used in the present study to less than 
analysis for process contro In man teristic of the emitted photons 10 mu 
applications, such as high-mass, hig] 5. Much wider range of photon ener- 
ieitiitsiadi ees masa tones gies available, about 20-2,000 kev Gamma-Photon Detectors 
emitting photons in the range 50-400 6. Lower over-all cost of the = in- \ relatively low gamma source inten- 
key compete with X-ray trument it is desirable to reduce the radiation 
photometer sources and sO per The principa nitation is the low hazard, or may be additionally imposed 
mit, at reasonable cost, tl plication ntensity generally available compared heeause of low specific activity of the 
of this technique to determinations not to the extremely high intensities from source. To compensate for the | 
feasible using X-rav tube X tubes. Because of this, these intensities available, efhcient gamma- 
es cannot effectively compete witl photon detectors must be used. An- 
Gamma Absorptiometry <.cay chohomsier in the ceerey canes other cotsideraink im chociag 4. de 
The principal advantage ising ip to SO ke In the range 50-400 kev, tects ~ its relative eflicienev to each 
radioisotopes as gamma pl these sources offer attractive — of seve photons that may be emitted 
are the following 1 ties ror i ngle radioisotope If chosen 
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Crystal Initial slope of | ae 
thickness absorption curve | nr 3/8m dio Nol(T!) 
(alog I/amg/em?h Al Photomultiplier voltage *!,000 volts 
-0.00079 
—0.0007 | 
-0.00066 
68 
10° Ettective energy 
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2 y ry 02 « 60 
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| 
E e = 
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e s 
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.- 19° 
10'°l ~ 0 800 1,600 2400 3200 4000 4800 
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Areal Density of Cu (mg/cm?) 
FIG. 2. Gamma-absorption curves for Cu FIG. 3. Gamma-absorption curves as 


as function of Nal(Tl) crystal thickness 















function of absorber atomic mass 





























Detector Initial slope (alog 
; \/amg/cm2) between 
Detector = 2mm X | 3/8in dia Nal(T!) © and 200 mg/cm? 
No | (TI) -00024 
Anthracene -0.0027 
Argon (CO,) -0.0034 
7 <9 __ZnS(Ag) —0.0043 
108 ms 10' ; 
= 4 
8 a Source * Am-Pu 
~ 
& Source Photomultiplier voltage £ 
5 1,000 volts po 
“ 690 volts s 
§ __ 
» J 
Md ade 
3 10° © 10° Argon (CO2) 8.6 mg/cm? — 
Na | (TI) 734 mg/om* 
1 | 
Anthracene 
| | 12,500 mg/cm? 
10 ro ge —-ZnS(Ag)Omgzem? |_| 
en Geena 0 800 1600 2400 32m 4000 4800 
os —" Areal Density of Lead (mg/cm?) 
FIG. 4. Gamma-absorption curves for Pb (left) as function of source energy and (right) 


using various detectors 


to be ethicient only for the lowest energy 


component, the absorption measure- 
ments obtained can be made to corre- 
spond initially to a nearly monoener- 
vetic, low-energy source. 


A wide 


detectors ure 


variety of gamma-photon 


(1). Kach 


type has characteristics peculiarly ad- 


available 


vantageous in a given absorptiometric 
method.  Tonization chambers and gas- 
filled proportional counters, by utiliz- 
Ing Various gases and gas pressures, are 
useful in obtaining optimum detection 
100. key. 


ec and inorganie scintillation 


etheiency at energies below 


The organi 
phosphors coupled with stable photo- 
tubes are 


multiplier applicable for a 


wide range of gamma energies and are 
especially desirable for higher-energy 


Vol. 12, No. 8 - August, 1954 


photons (2). An optimum energy vs 
detection efficiency 


be selected by 


relationship can 
properly choosing the 
mass presented to the radiation by the 
phosphor. 

Both 


measuring techniques can be 


pulse-counting and = current- 
used in 
determining the total gamma flux in- 
the detector suftli- 


cient gamma intensity at the detector, 


cident on Given 
the current measurement technique is 
the 
method and will find broader applica- 
tion. 


more direct, rapid, and securate 
However, where pulse-amplitude 
discrimination is desired, pulse count- 
ing will be useful. 

In the application of gamma-photon 
low- 


differ- 


number of 
100 kev), 


sources emitting a 


energy components ( < 


ential pulse-amplitude discrimination 
nearly 
the 


gamma-photon absorption with some 


permits very monoenergetic 


interpretation — of polvenergetic 
sacrifice in measured intensity 

As in X-ray photometry, the re- 
sponse of the detector 
be a critical funetion of the applied 
Again, the effect of this crit- 


dependence 


gamma may 
voltage. 


ical can be eliminated 
by rapid commutation of the gamma 
source between sample and standard 
However, by emploving — stabilized 
fluctuations in 


current due to fluctuations in the de- 


high-voltage supplies, 


tector voltage can be essentially elim- 
Voltage 
fluctuations — of 


inated, supplies — providing 
+ 0.002% 10% 


readily 


only 


change in line voltage are 


avatiable. 


Absorption Measurements 
A series of gamma-absorption meas- 


urements were made mploving the 
arrangement of Fig. 1 
With a Beckman Model \ 


ammeter and an Offner Type 961A nega- 


source-detector 
MIcromicro- 
tive high-voltage supply. The gamma 


source Was an americium-plutonium 
Am?" 500 mg Pu**’), 


Approximately LO gm of inactive, me- 


mixture (10 mg 


tallie oxides were also present in this 
source mixture; source self-absorption 
was therefore appreciable for the lower- 
energy photons emitted by Amand Pu 

Figure 2 shows the copper absorption 
curves obtained with scintillation erys- 
tals of three different thicknesses as the 
detectors. Since the sensitivity of any 
method based on gamma absorption will 
increase as the initial slope of the ab- 
sorption curve becomes more negative 
thin Nal( TL 
crystals is evident in the application 
of the Am-Pu 


the desirability of very 


source The absorp- 
tion of the gamma energies associated 
with this source as a function of the 
atomic mass of the absorbing mate- 


In each of the 


absorption curves reported here, no 


rial is shown in Fig. 3 


correction is made for the background 
contribution to the measured current 
Because of the large signal-to-back- 
ground ratios, this correction is not sig- 
nificant in determining the initial slopes 
of the absorption curves 

The slope of the absorption curve ts 
a function of the gamma photon energies 
of the source. As an example, the lead 
absorption curves for the Am-Pusouree 
and a Se’ 
Fig. 4 
intensity of the Se 


source ure compared in 
(see also Table 1). The greater 


source necessitated 
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the use of a lower voltage on the photo T 
multiplier to obtain currents of the same 
order of magnitude as those produced 
in this detector by the Am-Pu souree 
10? & + : 
As has been noted earlie X-rav o1 | ° 
y-ray absorption can distinguish be . 
} 
tween elements of different at | 
number. The ability to distinguish is Ff No! . 
= 100} 2 ) 
a function of the photon energ ind is 5 . 
indicated by the ratio t | ¢ s ae 
sorption coefficients for the two el rs at : 
ments to be compared However. the s : 
; 2 10} a 
effective discrimination between. ele- a i 
ments of different ator number is } 
greater, as observed in the present Anthracene = 
study, than would be predicted by es 
‘ 000 
culations based on mass absorption c 0001 00! 0 : 
rd Half-Thickness (gm/cm2) 
efficients given inthe literature Table . ckness (gm/cm 
2 shows the relative effectiveness ¢ 
lead and aluminum as absorb or the FIG. 5. Half-thickness vs photon energy FIG. 6. Fractional absorption for various 
detectors 
gamma-photon energies emitted b ; 
three different sources neluded in 
Table 2 is the Al/Pb absorption ratic ead in the photometer beam at all perimentallsy determined mass absorp- 
for a 30-kev X-ray measured using a times \ lead absorbet Increment tion coefhicients (see | vy. 3 This is 
General Electric X-ray photometer A Pb) was then added and the current thought to be caused by the half-thiek- 
equipped with il 1)-33 he a \ls« I CCTCUNE noted The increment ol lead hess ol lead present aduring the deter- 
cluded in Table 2 are the A Pb absorp bsorber was then replaced with alumi- mination of the \| Phi itios ol Table 2 
tion ratios that would be predicte num absorber (A Al) until the same de- which increased the effective energy of 
from the ratio of the mass absorption crease in current was obtained. This the polvenergetic sources used. In 
coefficients for Al and Pb at the most method for the determination of the addition, the absorber increments were 
abundant photon energies involved Al Pb absorption ratio permits a valid placed bet ween the source and the half- 
To show how the gamma photomete estimate of the abilitv to discriminate thickness of lead Placing these incre- ~ 
compares as an analytieal tool to the iwainst aluminum when lead concen ments between the lead half-thickness 
X-ray photometer, the Al/Pb absory tration Is being measured ind the detector results in a grenter 
| 
nea — ! 
tion ratios shown in Table 2 were ce \lore favorable large! Al /Pb ratios current reduction and a correspond 
termined with one half-thickness of mav be obtained by comparing the ex- ingly improved AL’Pb ratio. This is 





TABLE 1—Source Photon Emissions TABLE 2 Ratio of Equivalent Absorber Thicknesses (Al Pb) Using 2-mm Nal (TI 
Detector 


, / 
Photon en 


Predominate P Kau Obse Pred 





Lsotope me Mt photor } LP A if itio 
\ y 1/ / VW /Pb (A 
Am? H0 
17 98 ( 320 2,125 s | 1 567 >t wy; 
s 260 660 62 i22 if tod 
4 on \ 60 125 2 217 17.8 13.2 
4 | 0) X-ra 0 ». SY 141 24 21.8 
2b , 2 ai 2 
Pu? oo 
100 TABLE 3. Am-Pu Source-to-Background Ratio for Various Detectors 
124 
elector and ly Lh 
od I I 
4 ] . D I | 
~ 20 ) 
LS Znsi AG 10 0 OO48 1.000 ix , +¢ 56 100 
74 Lil 734 0 0024 1,000 15x 10 > xX 10 G00 
105 \rg ('t) 8.6 0. 0034 2 400 . oa x 8 ox 10 550 
\nt ene, L790 0 OO27 1.000 2.4 x< 10 i x« 10 10 
a 1(T1), 1,468 1.000 16x 10 1x 10 160 
124 2 Nal (Tl), 9.322 1,000 9.7 X 10 2X10 250 
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Am-—Pu Source 
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| Argon(CO, 


Nal (TI) A Bad 


400 800 1,200 1.600 2000 2400 2,600 
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FIG. 7. Voltage vs current for Nal(Tl) and 
Argon detectors 


absorption ol low- 
characteristic X-rays excited 
encoun- 
work 


has 


situation Was 
this 


straightforward, 


issIng, a 


during the course of 
although 
en discussed with respect to y- 
sorption. With the Se 
-mm Nal( Tl 


source 
crystal as the de- 
poor response lor high photon 

an increase in current is ob- 

hen a thin absorber is placed 
n the source and detector. This 
buted to the fact that the num- 
X-ray 


ficiently 


s excited in the absorber 

detected Is greatel 
detected absorption of the 

lergy gamma photons, 

res 2 and 4 show that for a given 

the 


ibsorption curve is dependent 


ng material the slope of 
the energy response of the de- 
nd the photon energies emitted 
mima source used. Unfortu- 
mature has not bequeathed a 
i high-specific-activity, 
long-lived 
although Am?*!, Tm! 


promise, It is 


conveniently 
mitter 
ffer much 
therefore, to look to the de- 


rela- 


least 


sa means of utilizing a 
intense source emitting at 
v-energy component, 
be added that excitation 
ivnetic radiation hy gamma, 
offers an 


alpha absorption 


method for obtaining low- 


id absorption 


In- 


the le: 


four different detectors. 
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X-RAY ABSORPTIOMETRY 


N-ray abso pt onietry S. 6-16 pro 


method for nondestructive analysis of a 


suited to the determinat 


to the 


atoniic masses ot other 


Y-ray 


any 


advantage of 


des 
ide varie 
on of an element having an atomic 


elements present in 


a simple, rapid, ace 


fy of materials 


mass that 
admixture 7 most 


j 


absorptiometry ove other photon etric methods is the independent 


of X-ray absorption on the ph ysical state of the absorbing materia 


Problems in applying X-ray absorption to chemical analysis are 


pe nde nee ol X- ay i 


of tube voltage 


as 24th power 


} 


photomultiplier current varies approximately as 7th power 


ited range of Y- ay energd 


ties introduced in ass 


N-rays 


first ti 


istic of 
The 
method fo 


hlems have been 


oO pro 
com paring 
sarily INCTECASES 
single determina 25) at the 99 


in the analysis of 40-qn 


nlensily on source inp al voitade 

es readily available 

qning absorption coe ficients because of 

virtually ¢ 
) 

) the absorption of a sample lo that of a known 


st and comple ri 


iranium solutions 


intensity of sott 


(2) possible dependence of detector sensit 
~) F / : 


or anode 
approximately 1 HO he 
polyene 
iminated by a epel ( 


tandard 


fi. Lambert 14 reports a pre 


lence leve d hased on YS det 


This insti 


cont 


/ 
ament also pr 


discrimination among clements of diffe rent atomic numbe 


The third limitat 


tensities available using N-ray 


on is offset 


creasing negative slopes are seen for 
detectors with increasing ratio of low- 
to high-energy re- 
the calculated 
the 
detectors, 


energy response 


Fig. 5 shows 
half-thickness 
materials 
and Fig. 6 
of the 
that 
mensions emploved in this work. 


sponse. 
energy tor 
these 
calculated 


versus 
composing 
shows values 


fractional gamma absorption 


s obtained with the detector di- 

In evaluating a detector for applica- 
tion to a parts ular analysis, it Is neces- 
sary not only to consider the slope of 
the Fig. 4) 
but and source 


current-to-background current 


absorption 
also the total current 


eurve see 


ratlo, 
The values of these three factors for 
six different detectors are summarized 
in Table 3 for the Am-Pu source. 

The critical dependence of detector 
current on applied voltage (Fig. 7) ne- 


cessitates an extremely stable power 
To obtain a preliminary eval- 
the 
these 


measurements 


supply. 


uation of precision obtainable in 


measuring eurrents, a series of 


hine were made over a 

The current produced 
Nal( Tl) ery 
copper absorber was re- 
+O0.4% 


iu single meus- 


period of 2 hr. 
in the 2-mm stal through 
a 7OS-mg em 
producible to a 
standard deviation for 
The 
Offtner 
that had been converted to supply ney- 
The 


bility of this power supply is not the 


precision of 


urement. powel supply Was a 


standard scaler power supply 


ative high voltage. voltage sta- 
best obtainable commercially. 

An 
sidered in selec ting a system to be up- 


the 


variable to be con- 


additional 


plied to a given determination ts 


tubes, e.d., 


loa considerable deqres hy the ert 


10'* photons min 


between ined 


The 0.4% 


rent at 70S mg em?*, noted previously, 


relation precision sensi- 


tivity. fluctuation in cur- 


corresponds to a 0.3% change in the 
determined At 70 
fluctu- 


uneer- 


areal density nig 
em? of copper, the same 0.4‘ 
ation corresponds toa +39 
tuinty in areal density In applving 
the absorptiometric method to the anal- 
ysis of solutions, the absorption meas- 
urements made through a given sample 
thickness 


percentage basis) at higher areal densi- 


will be more precise on a 


ties but will be less sensitive (change 


in current, change in concentration). 
At a given concentration of the solution 
ab- 


sorber path lengths is indicated for an 


to be analy zed, the use of longer 
optimum sensitivity-precision relation- 
path lengths, however 
the 


require 


Longer 


the 


ship. 


decrease source intensity. by 


inverse square law and thus 


a higher-intensity source 
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Revised equipment and procedures for production and shipment of I’ 


available to qualified persons anywhere. 


FIG. 1. Glass components of |'** shipping unit, with generator at right 


~ make it 


Half-life has been 


accurately determined as 2.33 hr; effective half-life for shipment is 77 hr 
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PROCESSES REPORTED two 


have been revised to simp 


tion of I'* and to make 


now for use. This article d 
new production process and 
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advantage of shipping Te 


half-life of 77 hi 
for tl 


effective 
extraction simpler 

lodine-182 possesses cer 
teristics that 
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effective 


since 
with energy, 


be ore 
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\ onal Laborato { pton Vew York 


ited uranium and its fission 


The 


with an 


its shorter half-life from irad 


and in 


nh whi h 


ptable which process gi 


ves pure tel- 


are not objectionable ll vield of at 


over-a 


usefulness of I Chemical separation — is 


is not behind 


limited to thyroid ther- rformed in a “‘hot cell” nd a 


agging | shielding, and consists of 


since tagging of compounds tha 
diseased areas of 
other 
connection, the 
ised that I 
he the 


migrate to 


presents possibilities. 


authors have 


probably will not 


isotope ol choice for 


therapy because of its short ext. the 


ind the 


iluminum J 


J 
radiated U 30x 


relatively slow s dissolved i 
The harder vy 
its detection in tr: > sodium mitra anne SS ol 


eh con 


uptake 


CTLs solution of sodiul ! vydroxic ind 


1 j t Tt = 
rende! i1on 
easier in some systems. 


ot metal as 
Parent- ceo sarang sree 
\ stud 
ship arto Te!®? and |] 


} activity 


vy of the parent-da ghter re 


shows 


\ 


rises to : 


Is Tite red to ren 


Hricatitill I})I- 


After acidifying the filtrate 
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FIG. 2. Prototype shipping unit with obser- 
vation ports 


d until it is Just acid, 
irium is precipitated 

bisulfite solution 
ntal tellurium is dissolved 
ind the solution is made 
wdium hvdroxide TeO™, 
yitated with formic acid 
< then redissolved in 


cle This 


the equipment in 


solution is 


‘yenerator,’ 
to ship the Te 
ed nm situ by intro- 


iodine 


Supernatant liq- 
d off and discarded 
ve material is ready 


dry solid, 


the source ol the 


nsisted of metallic 


pressed into slugs. 
bie processing time 

U.O, because it 
than the 


requires a 


thie acid 
because it 
id, thus rendering 


¢ 


ering operation more 


Development of Milking System 


| Se] te and remove I'* for use, 


thon pr in the 


ocess cited 
involved dissolving 
molten eutectic mix- 
and sweeping out the 
th an air stream. 
were good when the 
the molten mixture 

the mixture rapidh 
eventually causing it 
tals and ceramics that 
containers 
the 


| ibitively high or the 


aT used tor 
every case, either 
very low presumably 


Alto- 


formation, 
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FIG.'3. Generator and hold-up vessels pot- 
ted in plastic 


than 2S different 


rials of vessel construction and 35 dif- 


gether, more mate- 
ferent chemical systems were tested (2 
before eventually abandoning the vola- 
tilization technique 

stem has been de- 
but 


is even simpler to use than the original 


A new milking s\ 


vised that is not only satisfactory 


one. It involves adding aqueous so- 


dium hydroxide to the shipping unit to 
dissolve the tellurium dioxide and then 


reprecipitating the latter by adding 


acetic acid extreme accuracy in 





Comparison of |'** with | 


Var 


Ve 


lodine-131 
0.250 


0.335 (9.35 


2.8% 0O.OSO S.O4-S.16 


O.163 days 
0.608 (87.2‘ 


O.S1L5 (0.7 ' 


0.284 


lodine-132 
0.73 (15< 0.52 
0.97 (20° 0.620 
1.16 (23% 0.670 
1.60 (245 
2.13 (18! 


0.760 

0.970 
1.14 
1.41 
100 


t For I ll 
1952). For I 
are from Finstor 
BNL , Lamma 
Finston and Bert 


ties given 


relatl 


was measured b 





FIG. 4. Top of shipping unit, showing special 
three-way valve 


mensuring reagent volumes is not es- 
sential, since the buffering action of the 
sodium acetate formed tends to keep 
the pH near 5.5, the optimum value for 
quantitative precipitation of the diox- 
The I'*? that 


solid tellurium dioxide dissoly 


ide. has grown in the 
es in the 
caustic and is not reprecipitated by the 
The resulting active iodine solu- 


then filtered oft 


acid. 


tion is and is ready 


lor use, 


Composition of Product Solution 

When the generator is used in the 
the product solu- 
a pH 
of about 5.5, and possesses up to several 


aetivity It 


prescribed manner 
tion measures about 30 ml. has 
hundred millicuries of I 


contains about 1.6 gm of sodium ace- 
tate, is not toxic, and is compatible with 
physiological and biological systems 

In systems where the 


presence ol 


sodium formate or some free formic 
acid would not be objectionable 
acetic acid 


solubility ol 


born 
acid would be preter thle to 
hecause of the still lower 
tellurium dioxide. 
Contamination of the product solu 


tion by inactive tellurium or bv Te 


is negligible, and amounts to less than 
0.5 the | activity 

isotopic impurity in the produc 

I’! and this 
0.3% of the I! activity at the time ot 
Moreover, there 


because 


o Ol 
impurity never exceeds 
milking. 


stable I 


only 


none Is 
extremely negligible 
‘there ) 


formed from Te 


is Carrier-iree 


Shipping Unit 
The shipping unit is completely 
furnish 


contained: the user need 


ing more than «a vacuum source 


receiver in which to collect the I 





New Radioisotopes Available at Brookhaven National Laboratory 


lodine-132 (2.83-hr half-life) is now a 
method described in the 
eight-weeks’ supply of this short-lived is 


Prospective users must posse 


accompanying articte n 
YY 
Atomic Energy Commission for . other 
same application request for permiss » rer 
Todine-133 (21-hr half-life is 
paper describing the production process for this 
as developme nt work has bee) / 
Sufficient data have been obta 
free of arsenie carrier, other 
should he a de mand for this 


These rwotopes are example 


ava 


hich 


have ” hy a small group having 
Vajor empha 


/ 


radioisotope 8 
duction methods for iso 
siderable if the 
is to prod ie relatively 


ope 


usefulness 


acti ity 
The Pur pose of this 
consider the possibility of 
Tnquirt s should be directed to 
National Laboratory 


rsotope N 


have nN 


ailable 


T he 
akes it feasible to ship a two-to- 
in the United States 
as those re quired by the 


to quali fle d uSETS 


anuu here 
cations 
radioisotopes and must file the 
ewe and use ih ‘ 

able in limited quantities { 


/ soto pe u ill he publishe d as soon 


lo base a Process for pure 1s 
ad germanium pare nt, if the re 


ones be ing de veloped at Brook- 
cline of increasing the utility of 
ed on the development of pro- 
thle. but whire h should he of coi - 
The goal of all such processes 

f 


ol ery higt specrs 


ate users ot radioisotopes lo 


than those presently available. 


Brook- 


/ Ope rations Dis 1si0n 





Whe 


withdrawn 


tion as it is withdrawn 


than 10 me are to be 
given time, a shielded product receiv 
which can be mounted on top o 
shipping unit, is available Am 
sired aliquot can be removed from nsice 
receiver, and the remainder « 

to the 
the shielded receiver, the shipping 
au lead shield housit 


rene! itor 


decay within shield 
consists of 
special valve, (2) the 
tuining the tellurium dioxide, and 
the purge vessels for retaining the es 
cess jodine. 

Figure | shows the first 
shield built to house the I 
the 


] 
glass 


Operation — ot 


within this prototype car 
served through two portholes, 1 
lend the cover 
unit 
The 


fin 


Including 


glass, 


welghs approximate SOO 


internal cavity is appro 

in diameter and 7 

surrounded by 4 in. of 

More than | curie of I 

in this shield; a proportionate 

shield is used when less 

amount is desired 
Figure 2 shows the glass 

that fit inside the shipping 

the right is the generator int: 


TeO Within tl 


can be seen a central dip t 


quip) U1 


is placed 


which the reagents are added 
has a sintered glass disk o1 
} 


he top 


and another near t 
uct 
it up through the dip tubs 
the TeO 


solution is withdrawn 


FIG. 5 
ment 


time precipitate 


24 


vessels ith Fig. 
ich 


excess 


The 
hold-up” 
collect 


other 
vessels, wh 
retain 


on to and 


vhen the generator ts purged thus 


tting the I activity to decay 
the shipping shield 
the 


Cast in plastic 


shows four 


essels 


and 


e 3 
d together 
ected to the special three-position 
vhich becomes part of the cover 
As Can be 


valve has three clearly 


pping shield seen 
t, this 
positions r 

R, for reagent input; and // 

When the valve is turned 

the 


re automatically 


lol product 


position appropriate 
made 
ive to any intermediate 


seals off the entire svstem 


Life of Generator 


generator 
T 


minimum quantity of | 


fe is & lunction 


( harged Init 


rom it Using the describe 
ough tellurium can be charged 


nerator so that there will be 


Decay curve for half-life measure- 


about 1 curie of Te!** present when the 


shipment is received, Under these cir- 

if the user is interested in 
of I life of the 
would be approximately 54 davs.* 


en, a single charge of Te 


cumstances 


only 10 4 the usable 
unit 
At Brookhay 
has 


over a 


100 me of I 


been milked as many as 35 times 
period and has vielded 
15 davs after the irradi- 
ated uranium oxide has been removed 


from the nuclear reactor 


lodine-132 Half-Life 


very hot samples ol | 

been 
24 hr, 
frequently for several davs 


When the logarithm of the 
is plotted 


the generator have 


equent intervals for 


against time, per- 


ight lines have been obtained 
ds of about six half-lives. 
5 shows a de 


iv curve typl- 


obtained. 


and 


i have been 
The to be av) 


bumpy be 


ippears 


" 


ause of the great number of 


determined 


that 


experimentally points; it 


flattens out so its slope corre- 


sponds to a half-life of S days, because 
mall amount of I present. 
When 
tall is extrapolated bac k to 
the 
straight 


activities are evident. 


ind subtracted trom 
the steep 
of which 

t inaly zed 


0.02 hi 


ve been 


it this value is doubtlessly 

ccurate one published. The 

iccepted value Was 
Abelson 


rave a value ol 
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Norwegian-Dutch JEEP Reactor 


In a Heavy-Water Reactor: 





How Do Gamma 
Rays Affect 


Reactivity?e 


Gamma rays produced by neutron capture in a heavy-water reactor react with 


deuterium to produce more neutrons. 


The extent of this reaction and its 


effect on reactivity is discussed for structural and irradiated materials 


By ARNE LUNDBY 
oint F 


iuM’s low photoneutron thresh- 
rs heavy water, which has supe- 
wdlerating properties, another ad- 
over graphite as a moderator. 
shows, by calculation and 

. how photoneutrons affect 

f the JEEP 


considered 


reactor I). 
itions are when 
ce of high-energy gamma rays 
ent in the reactor (originating 


elements or structural mate- 
ind when it is introduced from 


utsici 


Perturbation Calculation 


Since reactivity perturbation is’ as- 


to be small, we can neglect the 
itions from the delaved neutron 
According to diffusion the- 
rate of change of the thermal 
i flux in the system is given by 
DV2o(r.t ~.o(r,0) 
ee = 
Yo(r.OP.(B 
p 
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where we consider the fundamental 
mode of the reactor with buckling B?. 
For the unperturbed system, which is 
in a stationary state, we have 


N I N 
, , 
ade? 7 és ol * 


p 


DV*o 


We How 
>2.2 Mev 


Some g 


high-energy 
into the 


imma ravs will diffuse 


Iitroduce a 


vulniia source 


reactor, 
out into the moderator where a fraction 


of them (~0.1°,) will be absorbed by 


the deuterium to produce neutrons 


The neutrons will, on the other hand 


be slowed down and then diffuse at 


thermal energies until they are ab- 


sorbed in the resetor. To simplify 


the analysis, it will be 
the Fourie 


assumed that 
transform of the infinite 
sume [ot 


and the photo- 


and that it is not 


slowing-down kernel is the 


the fission neutrons 
neutrons changed 
by the perturbation. 

As a result of the perturbation, the 
reactor will no longer 


state 


be ina stutionary 


Let US NSSUTNE t} at, in the per- 


turbed system, $/(r.f) varies with time 


according to an ¢ ‘pone ntial function 


with a period | w’ equal to the stable 


period. This is a valid assumption as 


f is 


long iis the Vuarilitions in @ «are stuall 
compared to ¢’ 
If the gamma-ray source’s strength 


per unit volume is S and if & is the prob- 


ability that the gamma ray produces rr 
photoneutron in the moderator, we 


have for the perturbed system 


l 
DV*d’ 


where 0X, is the macroscopic absorp- 


tion cross section pel unit olume of 


the enmia-ray source The cl imge 
in & is assumed to be due to a el img 


in f only. on the other hand 


Since 
proportional to 1,2, the 
with A(K2,) on the 
vanishes 


Multiplying Eq. 2 by @’ 


integrating over the 


term 


right sic 


by fi) 
the reactor, subtracting 


equations, and using Green’s theorem 


we get 


\AS o¢'dV + EPL I SoOdI 


}pod | 














Symbols 


thermal neutron flux at the 
position r at time / 


(r,t 


U average velocity of ther- 
mal neutrons 


diffusion coefficient 


v Laplacian operator 
pa macroscopic absorption 
cross section of reactor 


material 


| = average lifetime of a neu- 
tron in the reactor 


hk thermal neutrons produced 
per thermal ab- 
sorbed in infinite reactor 


neutron 


kar thermal neutrons produced 
per ab- 
sorbed in finite reactor 


thermal neutron 


k.. = change in the neutron in- 

ventory during a time 

how /kete reactivity 

p = resonance escape proba- 
bility 
Fourier transform of infinite 
slowing down kerne! 

Bb buckling 


Ss strength per unit volume of 
gamma-ray source 

S’ = total gamma-ray 
strength 


source 


é probability that 
ray shall produce a neutron 


gamma- 


in heavy-water 


d= macroscopic absorption 
cross section per unit vol- 
ume of source material 
ay total macroscopic absorp- 
tion cross section of source 
material 
f thermal utilization 
~ thermal neutron flux at the 


position of the sample 


~, = thermal neutron flux during 
high-level irradiation 


T(E, Fermi age of thermal neu- 

trons 

D,/= 

D, = average diffusion coeffi- 
cient for fast netruons 

ps slowing-down cross section 
mean-life of the gamma- 
emitting isotope 

We reactor power level 
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I 


Vultip 


t} 


small perturbations we can write 


re 


Od’ | . - 
+8) ) 
at 
) 
/ . k > 
Q : ow ul r @ 
kK, p 


ving by @ and integrating over 
ictor volume, the result is 
Kes p lod’ | 
) —— b 
vP 2} p> oo’ \ 
p 
np from Iq. 4, we get 
‘ee , 
EPL | Sodh 
hi , 
Fat ~.9¢'d | 
p 
. loz oo | 7 
ill perturbations @ can be sub- 
1 for @’ Furthermore. let us 


me that the extension of the source 


small that @ does not varv ov 


me of the | 


f lor simplicity we will 
e that @ does not Vary over 
hotoneutron 


source, 


we vet 
8) 
rons ~.o 
PP 
r S 
a> S 
| ? 
N nel at. e om t! hte- 
OUres strength i l ( )- 
ection I’ ‘ esslon 
e¢ ent tt Little ( it 
list t the dem ti 0 
t | S n be eter- 
t ' , 
uy ( « 
t mn tive ( t nere eu- 
ecdluce 1 the ( ed 
eri Obota ( he! thie 
tt ( thre ( I 
Lhe LO neutrol fl t thre 
the re t nd @ = 1 flu 
it here the 
e have JEEP 
Oo | P, é \ 
0) | 
| 
g | < 
po j 
treat { et 
/ b 
t the t 





diffusion slowing-down treatment gives 


The n JEEP are 


imerical constants for 


pP O.S4 
B 5 10-4 em 
i 110 em 
L, 137 em 
Thus we get 
FP’ (6 0.79 


Sources from Outside 


The absorption of a neutron by a 
sample inserted into the reactor usu- 
ally results in the instantaneous emis- 
sion of one or more high-energy gamma 
rays As indicated earlier gamma 
ravs above 2.2 Mev have a probability 
of about LO ol producing photoneu- 
tron hus, the contribution to the 
reactivity due to the gamma ravs is 
only a few tenths of one per cent of the 
suppression in reactivit iue to the 


absor pti 1 


Mission 


Theory. If the gamma-ray ¢ 





is delaved with respect to the absorp- 
t! oOoces ind the powel! if vel ot the 
react hanged, we might get a pro- 


Let 


us assume that a 


sample | been irradiated in a neutron 
flux time 7. If7is the mean- 
life for the emission of the hig! -energy 
gamma i the total source strengt! 
S’ at a time ¢ after the end of the irra 
cath eg el } 

5 o; 0> | eC ( 10 
iy fi il ¢t we get for the 
1 tu ( T if 


m | 1] 
_ l of the order of 10~° it is 
pparent 1 Hq. 11 that order for 
th tt to be vortant 
Oo, © () 
Experiment. A mn ¢ re we 
( tt 190 NaeCO, at a 
| t the re t yhnere the neu 
trol LO, that au ( enter 
The ( tion iN: ( is t 
N ( t -life of 
14.9 \g i > TOS Nik 
( t the d 
Phe ( . linte or 40 hy 
th the reactor at a power level of 200 
er level then reduced 
nal f ( tivit CAS 
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oscillating the sample between 

the position where it was irradiated and 
vuter surface of the biological shield. 

At power levels below about 1 kw, the 
reactor Was running at a negative reac- 
tivity 
This 


pl ote 


with the sample in both positions. 
is due to the source of delayed 
neutrons released in heavy water 
ma ravs from the fission prod- 
When the sample was oscil- 

the change in power level was 
This 


in reactivity. by 


Was translated into 
comparison 
h the effect of a displacement of the 
ited control plates. When the 
at 40 watts, the change 
ivitvy was +10°4; at 400 watts, 

10-°; at 4 kw, 10 


Comparison. 


} 
evel Wiis 


The total macroscopic 
for the Na? n, ¥) 


iction in the sample was 1 em?, 


vy 
cross-section OG. 


Na®? re 
Due to 
fective 


self-screening, however, the ef- 
Ac- 
this 


, aS » 
value of 04,’ was lower. 


cording to Eq. 11, we have for 
sample 


nn 10-41 Ps — = I 12) 
( N ) 


re W,; and W are the power levels 
reactor during irradiation and 
llowing experiments, respectively. 
» observed data agree with this for- 
we Insert a value for P_-é - 
10-8, This agrees with the value 
aleulated from the Compton scatter- 
ing and photoneutron cross-sections In 
1) 
sources. It 


Calibrating neutron 


ias been shown by Littler (2) that Ra- 


| 
Be neutron sources can be calibrated 
by 


vy introducing them in a reactor and 
measuring the pertubation in the reac- 
t it different We 
have performed similar measurements 
with two 100 me Ra-Be sources. Their 

opic absorption cross sections 


~ O.5 


power levels. 


uurce strengths were dD,’ 
i S’ 14 & 10° n 
neutron flux at 


sec, respec- 
the 


center is 3 & 10° n/em?/see 


The slow 
Therefore, we see from Eq. 9 
reactor has to be operated : 
the source term is 
noticeable when the Ra-Be 
center. At 


evel, the signal from the sourec 


watt 1 


at the such a low 
mped by the background in our 
mental lurther- 


the photoneutrons due to the 


arrangement. 


oducts influence the measure- 
up to several 


1).0- 


power levels of 


itts. Thus with ou 
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moderated reactor, which is normally 
run at 200 kw, it is not possible to cali- 
brate Ra-Be sources below le. Even 
with 10 ¢ source strengths it is doubtful 
whether a calibration with an ace uracy 


of 10% can be performed 


Inherent Sources 

When a neutron 
whether it is in 
structural 


is absorbed in the 


reactor, the fuel ele- 


ments or in materials, one 


or more gamma rays are usually emit- 
ted. 
5 Mev 


(5). Since the 


In the fission process itself, about 
is released as prompt gammas 
transition probability 
increases very rapidly with the energy 
of the gamma ray, one would expect 
that each gamma would take away as 
much energy as possible from the nu- 
the 
the fission products 
first 
trons, which probably leaves the prod- 


This 


is in agreement with experiments that 


cleus) without violating selection 


rules. However, 


are de-excited by emitting neu- 


ucts in a state of low excitation. 
yield an average value lo! the energy 
of gammas emitted in fission as about 
1 Mev (4). 
Since about 


10°), of the neutrons in 


the reactor are absorbed to produce 
fission of U , only about 8% produce 
(nm, y) reactions tu U According to 
Motz most of these 
also below 2 Mev (4 

About half of the 
sorbed in the process U** (n, y)U? 
the 


partly as slow neutrons 


Paria rays are 


neutrons are ab- 


’ 


partly in resonance region and 
The gaumma 
rays emitted in these reactions have, 
to our knowledge, not been examined 
in detail. Kinsey et al. have measured 
the gamma-ra\ spectrum tor (n, Y) re- 
actions in a number of heavy elements 
usually 


7). There are some gammas 


emitted with an energy above 2 Mev, 
but their intensities vary from element 
to element. 

Finally, a few per cent of the neu- 
trons are absorbed by structural mate- 
rials and the moderator. Gamma rays 
emitted in the neutron capture of Al 
the binding energy 


The H? (n, y)H 


reaction yields a 6.244-Mev gamma (9). 


are mostly above 


of the deuteron (8 


To sum up, we have seen that only 
in a few per cent of the cases in which 


neutrons are absorbed in the reactor 


will a gamma above 2.2 Mev be emit- 
ted. 


a lack of 


The figures are uncertain due to 


experimental information. 


Thus, we are in the process of meas- 


uring high-energy gamma rays Irom 


the reactor’s materials. 


However, we have earlier seen that 


such gamma rays have only about a 
0.1° chance of producing photoneu 
Thus we conclude that the con- 


1).0- 


trons. 
tribution to the reactivity of a 
moderated reactor due to “prompt” 
gamma-rays is scarcely above 0.14%. 
The high-energy emit- 
ted at 
the 


gated by 


Pama rays 
a time delaved with respect: to 
fission process have been investi- 
sernstemn et al, (10, 11 lf 
than 1O ha 


irradiation, the 


one Watts for uniter 
the 
experimental data can be 


theoret ically by 


nore 


end of neutron 


reproduced 
means of existing in- 
formation on gamma ravs emitted from 


1? 


fission = tragments ] For shorte 


Waiting times, however, the results are 


rather uncertain Jernstein et al 


con- 
clude from their measurements that 2.5 
delayed photons are emitted per fission 
with an energy above the binding en- 
ergy of the deuteron. Their contribu- 
tion to the reactivity of a he 
that of 


0.120% depending on 


avv-watel 
reactor is < 16°) of delaved 
neutrons, or 
self-absorption in the fuel elements 

If the lifetime of the nucleus that 
the the 
neutron-absorption cross section of the 
the ratio of 


decay to neutron absorption 


emits gamma rays is and 


nucleus is a, we have for 


R deeay probabilits l 


neutron abs prob om 


133) 


where @ is the neutron flux at the posi- 
tion of the nucleus. Foro 10 **and 
o® = 10'' we have 
10 
R 


Thus the nucleus has to be very long 
lived to be lost by neutron absorption 
If both o and @ are large, however 
find that a 
ray emitter’s contribution to reactivity 


one 


might long-lived gamma- 


varies with the reactor’s power level 
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CYLINDRICAL IONIZATION CHAMBER is diagrammed with 
distances labeled to define terms used in expressions for 


calculating ionization density. Thus, S$ source; C = geo- 
metrical center of chamber; a chamber radius; t chamber 
height; d source-chamber distance; d distance from source 


to dV, a differential element of chamber volume; c chamber 
height expressed in units of chamber diameter, i.e., t 20; and 
k source-chamber distance expressed in units of chamber 
radius, i.e.,d a 





Optimum Shape for 
Cylindrical lonization Chambers 


Correction factors for geometry are derived to permit calculations of true 
ionization density from chamber readings with source on chamber axis. Minimum 


corrections are required when ratio of cylinder height to diameter is 0.75 or 0.80 


By R. K. CLARK and where R. as determined from Eqs. 1 with the source on the axis has most 
+ i 1 

S. S. BRAR and 2, is of the ionized volume at distance d 
Division of Radiological Ph d ag greater than d; hence, 7’ is less than 7 
Division of Biological, Medical Researe] lak I : It is possible to combine these ex- 


dy ‘ al ial h lo 1 
Irgonne National Labora , treme cylindrical shapes into a shape 
Lemont. 1 NOLS 


giving minimum deviation from the 


For most chamber shapes and orienta- 
; tat i R inverse square law. If the definitions 
— a ae - ‘ Ol COMpPuUubatcion Of t requires nu- ; 
IN Most PROBLEMS of radiation de m { f | tl in Fig. | are used, then J l Tata 
P . - - ies Sone : meriatl mtegration, ‘or a sphere ie a 
try involving point sources, Muza and Mavneord and Roberts’ result 


} function Is wrable ¢ : ears 
tion density at distance d from the nul n is integrable and appears in hatin Glink Titik 


’ } he diologieal liter: » (7 \"- 
source, i’(d), is computed fro t radiological literature I Nia 
neord and Roberts (2) have shown that ~ 
Nad W(a.V)/\ | the case of a evlinder with the source r | 
‘ | /\ / 
nits axis also has an exact solution S 7 (« | ) In 
/ ) 
where / dt is the measured mization ( a 
current ina chamber of volume V hav- Correction Factor, External F 
ing its center at a distance d from the Source j / 
source, Equation | is incorrect when a? 4 d + sd 
— sy Handling of deviations from the \ 2 es ins 4 
the chamber’s linear dimensions are not : t oa tal 
: i nverse square law as in Ka 1, 
suflicrentiv sms mpared to d ! , ; i ad - 
cren nia COTM pt cumbersome at best. He nee. it is ( » 
this case, if the inverse square law 1) : 
: cle ible to design an ion chamber : 
plies to all points within the chamber 
that requires & minimum correction a’ 4 / 
the true ionization density, 7(d), at d : f » 
factor, A, even at distances that are In 
tance dis obtained from a » r 
small compared to the chamber = d 
' 9 
/\ Lmenslo lis It ean be seen quatlita- i. - 
id | I(d,\ Z tive from an analysis of the two / 
yd j 
: extreme evlindrical shapes that this : ) 
where dV is an element of the chamber might be possible. A peneil-like cham- r 2a tan - d 
volume, and d, is its distance from the bel th the source located on the axis 
source, Accordingly, the true ioniza vill read too high, because the excess 
“nS " © EXDresse n terms nization in those elements of volume 
= den a be si ta ; vo ] } ] ’ The ect n fact R I w has the 
of the computed rnizatior lensit ) VELL d, is less than d is greater 
\ alue 
’(d), and a correction factor, R than the ionization deficiency in those 
elements for which d, is greater than d. a 
, R S 6 
id w(d)/R Tid.\ RI ( nvers¢ a shallow pill-box chambe! rat 
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sents ratio of computed ionization density to true ionization density, i.e., i(d),/i(d). 


face. 
density at distance d = 





which can be put in parametric form 
by expressing the height of the cham- 
ber and the source-chamber distance 
in units of the chamber radius, i.e., 
t Jac and d 


bining eqs. 5 and 6 with these parame- 


ka (Fig. 1). By com- 


ters, one obtains 


n( 
| ce) in j 


+ 2 tan”! 


‘atl 
—_ I G7 


7 shows that R 


is independent of chamber size and is 


examination of Eq 


i funetion only of k and ¢«. Accord- 
ingly, the problem is to determine a 

lue of ¢ such that R is independent 
of & and equal to unity. Unfortu- 


the the 


ments of transcendental functions, 


irgul 


nately, ¢ enters formula in 
ind it is therefore impossible to solve 
the equation for c explicitly. The only 
alternative is to compute the values of 


R as 


of ¢ Figure 2 shows the results of 


i function of k for various values 


such calculations. Whene 0.80, the 
source can be brought all the way to 
the front face of the chamber with less 


than 30% maximum deviation from the 
Also, 


brought to a 


inverse square law. when c 


0.75. the source can be 


distance from the chamber center equal 
to 1.6 times the radius with the read- 


ings showing less than 1° maximum 
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deviation from the inverse square law. 


Correction Factor, Internal 
Source 


Occasionally, it may be desirable to 
place the source within the chamber. 
In this case, when d equals zero, R 
equals zero and i(d) goes to infinity, 
This difficulty vanishes, however, when 
the ionization density ¢(dp) is computed 
the 


readily 


finite distance do, since 
then 
the 


square law, according to the familiar 


at some 
ionization density is 


computed by means of inverse 


expression 
1 d i(d)d d, 2 (S) 
Substituting in Eq. 8 the value of 7(d) 


shown in Eq. 3 and representing Rdo? 


d? by w, one obtains 


i(do) T(d,V)d? RVd¢ 
T(d,\ uV i'(d) uw (9) 
Calculation of the true ionization 


the 


measured 


density at a distance do, when 


ionization density 7’(d) is 
with the source placed at a distance d 
from the center of the chamber, can be 
The cor- 


IS a nal an 


accomplished using Eq. 9. 
rection factor, u Rady? d? 
gous to R in Eq. 3; it retains, however, 
the advantage of 
d 0 


(Eq. 7), and it can be computed easily 


being finite when 


since R is proportional to d? 
in parametric form from Eq. 7. Fig- 
ure 2 shows uw as a function of k when 
do a. lid the 


required values of w can be obtained 


does not equal a, 


by multiplying the given values by 





2 CORRECTION FACTORS for ionization density measurements are used when chamber dimensions are not sufficiently small com- 
pared tod. When source is outside chamber and on its axis, R is correction factor used (left). 

A indicates position of chamber's front 
When source is inside chamber and on its axis, u is correction factor used (right); u represents ratio of computed ionization 
ka to the true ionization density at standard distance dy = a 


R is dimensionless and repre- 





d,?/a*, It is therefore possible, by ad- 
justing the size of the chamber (ice 
| 


the standard distance do, to obtain a 


the value of a) or by proper choice ¢ 


value of w equal to unity for any de- 

sired source posit ion, such as the center 

of the chamber. 
In the flat 


2), when ¢ equals 0.75 or O.SO, 


portion of the curves 
(Fig. 
the correction factor uw varies by less 
than 1% for displacements of as much 
Thus 


accurate centering of the source along 


as 10°% of the chamber radius 


the axis is not critical, and these two 
shapes are at least as satisfactory with 
an internal source as with an external 


source, 


Limitations 


It must be that the 
computations reported deal only with 


emphasized 


factors involved in such 


In addition 


geometrical 
measurements. the com- 
putations have been made only for the 
ease ot a point source on the axis of 


the 
noted 


evlinder. However, it may be 
that 


procity, when the chamber ts a 


by the principle of reci- 
point” 
on the axis of a evlindrical source, these 
results apply in detail, subject only to 
the that 


scattering are negligible in the source 


condition absorption and 


as well as in the medium and in the 


chamber walls. 
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Autoradiographic Studies of 
Surface Detail with Chromium-5] 


A unique approach combines methods of vacuum evaporation, shadow casting, 
and autoradiography. Details of metal surface structure are determined by a 


nondestructive technique to better than 40 microns in preliminary studies 


By L. E. PREUSS 
Edsel B. Ford Institute n 7 slinek 14d “et 
Vedical Research cpm when mounted | mm fron 


Detroit, Michigan Experimental Method he mica end-window of a TGC-1 G-M 


] and i})- 


I testing this technique leu! . 
MARLIER WORK involving thi lum lies only wadiocraphic responn 
evaporation ol P y and I a ee. OS OOM | 
Vapor ) ane : lepend , 
I tall ( pe in evaporation table, as shown pending 
“us we us mevalin I I l : : iY } obliqueness of norant im- 
tl tt tld ' ! | imma oriented to receive ob t juen tt ran — 
SHOWEC lat tracers could be used UO pingement and the height of the struc- 
t] I spec-pure chromium tagged = pices ve stru 
menusure Very in evaporated-m i : tures to b studied this ile must b 
| = The technique } vit! Which emanated from ce a pew ; 
films ao) if echniqu ovides ' R al red pirically oO } inte over- 


an elegant tool for the exact ¢ Latiol spina . » by » f ’ ’ | 
- | | | Y posure \ ( 0 i to the 
rure ws the thod used I . 
of condensate mass pet init ar oi — — — eknesses used were al 
, } Dt nautoradiographie exposure of = pe ecenceay ‘ a 
Autoradiography proved iserul ad or wavs less than 1.000 A 
t] face Medium lantern ' 


ree § 


junet to such thin film studies ; 
7 emulsion Was se 


and examination of autoradiographs ot ie ‘4 sesh , Resolution Study 
beeause of its convenience and ln- 
the condensing surfaces. she ! aineieans 7" - Ronina 2 nhowa thi 
| { SI grain size ie table — ait 
fine detail was reproduced ciliate 
‘ offers & COMparison ¢ 


veloped emulsion wherever 
beam impinged obliquely 
The method used is id 
first step to the “shadow 
electron microscopy (8 
evaporated metal film 
“east” onto the specin 
The mechanism is illusts 
scribed in Fig. 1 After 
rated film has been appli 
figuration can be studied 
autoradiographic response 


matic illustration in | 


TOSS ipposition tech 


with surface Band its ¢ 
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ties In areas having rece 
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poor lo Vertical struet 
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lo detine the available resolution of 

s syste i copper disk was cut with 

using a precision lathe 

| i The special tool used) pro- 
lee minimum furrow on either 
s of the cut; hence, the disk sur- 
ived a series of flat plateaus lution exceeding 

ted by concave vallevs. When 


inte s previously described, the 
lisk registered 1070 epm. Both edges Kodak NTB, NTBs, 
the groove are well-defined, indi- 
ting esolution of about SO yu improve resolution 
Fig. 4 a-emitting isotope 
Ir ntrast to Fig. 3, the vallevs in energy when used 
hig. 4 are little more than | mil from 


Accordingly, some. in- 
ley detail is forth- 
It IS possi- 


ose inspection, 


Further studies have indicated that 


radiographic prints 
with grooves spaced 127 w apart and 
with a groove width less than one-half 


this, have indicated an ultimate reso- lines as shown in Fig. 5 


resolution of 2 uw has been reported (15). 
Use of fine-grain emulsion, such as 
and NTA (22-24 beam direction are difficult to interpret 


with a grain size of 0.2 to 0.3 uw, may 


Ai 


Pele stripping method 
Belanger coating technique (30 mia 


resolve the valley surl 


and must be investigated tor each ma 
| 


greater resolution is attainable. Auto- — terial used. 


copper disks To demonstrate the effect of struc 

ture orientation relative to the incident 
beam, a copper disk was cut with radial 
» The Cr°!- 
A histologic coated disk registered 1,278 epm when 
mounted in the usual way. Exposure 
was for 41 days. Structures along the 
compared to those positioned at right 
angles to the beam. The abrasion ex 


represents the 


25), and a B- o1 


»”» 


27) of low posure (solid arrow 


with one of the most frequent artitact encountered 


familiar emulsion techniques—e.g., the when working with metals, but it is 


28, 29) or the easy to recognize. 


Summary 


Evidence for resolution of surface 


we detail. The 


( the enlargement (Fig. 4, right method has shown good contrast for 
to reconstruct the groove’s cross-sec- — structures 25 w in height. Possibility detail exceeding 40 uw has been demon- 
t ding the fact that a very of a chemographic reaction (31-33) strated using Cr®! with mls. emulsion 
sma uwrow of varving height < | between the condensate or base metal It is conceivable that a resolution of 
exists on either side of the groove. and the emulsion is an unreported field) about 5 w may be achieved by using 


EXPERIMENTAL TECHNIQUE 




















 hanapdenan DEPOSITION METHOD “casts” source metal from 
high-temperature crucible obliquely on specimen surface. Long 
oblique arrows (top) represent molecular beam emanating from 
metal. Metal vapor condenses on cool inhomogeneous surface, 
B, build-up being represented by shaded section with thickness 
proportional to sine #. Thinnest films (y and z) deposit on hori- 
zontal surfaces; vertical faces condense thicker layers (u and x), 
proportional to sine 4; and promontories cast “shadows” devoid 
of metal (area s). In experimental set-up (bottom), copper disks 
are mounted on 6.2-cm supports to receive evaporant obliquely 
from conical, 7-turn 0.025-in. tungsten-wire crucible. Cr-Cr°', 
evaporated from crucible, deposits on disks. Varying angles 
and thicknesses of Cr are thus studied 
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AUTORADIOGRAPHS of condensed film are obtained by gross 

apposition method, using nuclear emulsions (top). Groupings 
of black specks represent grains rendered developable by 
emanations from radioactive film. Thicker layers, u, show most 
intense photographic effect; thinner layers, v, show less effect; 
recessed horizontal films, t, being relatively remote from emul- 
sion, display least effect; and shadowed areas, s, produce no 
image. Light-tight brass exposure box houses disks with Cr°! 
surfaces placed face down on 2-in. by 10-in. medium-lantern- 
slide emulsion plate (bottom). Plate is positioned on sponge rub- 
ber sheet in housing base; another rubber blanket is pressed 
firmly over disks to hold them in place and insure intimate con- 
tact with emulsion. Top is screwed down to seal contents and 
maintain uniform pressure 


31 





RESOLUTION 


an isotope with emissions of other 
energy than the soft y-rays associated 
with Cr 

The gross apposition technique (34 
36) is simple and gives good topogra- 
phy for orientation. Disadvantages 
include resolution that is frequently 
poor because of bad contact, spurious 
abrasion exposures, and mechanical 
and thermal movement during expo- 
sure, which is magnified by techniques 
used for high magnification study. 

* * * 
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Fast-Neutron Dose in a Large 
Tissue-Equivalent Phantom 


Good agreement is found between dose rates obtained when irradiating a large 
phantom with a Po-B point source and those calculated by Snyder and 


Neufeld. An empirical exponential equation is given to express the dose rate 





By T. A. BARR* and G. S. HURST 
Health Physics Division 
Oa vidge National Laboratory 


Tens 


hk Snyder's and Neufeld’s cal- 
dose received by. tissue 
i broad beam of fast neutrons, a 


om was irradiated with a 


ng their caleulation, Snvder 
d (7) assumed that fast neu- 
striking normally and uni- 
he surface of a slab of tissue 
k and infinitely wide. In 
neutron energy spectrum 
iximum near 2.5 \lev. An 


ntal check of the neutron dose 








ed out for this case since a 
f neutrons with approximately FIG. 1. Arrangement of phantom, source and neutron dosimeter 


energy spectrum was avail- 





Po-B. The slab phantom 
not altogether suitable as an 
ation to the human body, has 
idvantages. It mav be used 
itrix into which small animals 
iced for neutron irradiation. 
me given for any position inside 
intom should closely approxi- 


lose given a small animal 


eh participant, l hniver- 

s, Georgia. 
he basis for maximum 
ot neutrons by the 
mmission on Radiological 
commendation of Subeom- 
Protection Against X-Rays 
ion Volts, 8-Rays, y-Rays, and 


les, Copenhagen, Denmark, 











FIG. 2. Design of proportional counter 
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FIG. 4. Results obtained along phantom ax 
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FIG. 5. Floor scattering as a function of 
(R + X) in air 


D,B 
nD 


2 In R 


Tina. 


1 this minimization, LZ is 7.52 
DB is 1.13 X& 10 
hed lines represent the au 

ven values of R and X. 


10 rep/sec 


em 


from eleven measured 
the method of “least squares.”’ 
were fitted to a simple in- 
re relation after appropriate 
the 
Figure 5 shows the 


ite due to 


lo seattering from 


scattered 
dose rate in air as a 


the «distances between 


detector for the case in 


center line of the phantom is 
e oa cement-over-earth 

int part of the dose 

material was due to 
re seattered into the 
floor 
me that hq. l 


experimental data, 


prop- 


10 rep, sec 

sec and, therefore 
wo constants char- 
souree and phantom 
> em and B 1.56 


vth and = buildup 


Discussion 


I} ) sponential form which 
for the 

ustified 

o theoretical 

attached to it. 


depth-dose 
as an empirical 
signili- 
The 
em 
the 
X from 0 

he due to mechan- 
the 


curve R 6 
fall 


values of 


the 


onsistently below 


register as men- 


tion } ou Several of the data 
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points for some of the extremely low 


dose-rate curves (e.g., R 97 em and 
L47 


haps 


em) are consistently high: per- 
due to 
the 


line from which the electronic 


this is electrical dis- 


turbances in commercial powel 
svstem 
drew its energy If such is the case, 
the low dose rates would be more sClisi- 
tive to such disturbances than would 
the higher dose rates There is also 
the possibility that the departure from 
Iq. 1 is a function of R; in such a case 
a well 


the departure represent the 


difference between the dose rate due to 
radiation from a point source and the 
dose rate due to radiation from a broad 
Although the solid lines 
senting Hq. 1) 


beam. repre- 


have been extended to 
values of dose rate at \ 0. one is not 
justified in assuming that Eq" is valid 
values of X <2 


depth-dose 


empirically for em 


On examination of the 


tributed by protons and %”) tor the part 


contributed by heavier atoms 
W. A. Mills 
B 1.20 tor 


In the calculations of Snv- 


has found a value of 
a small tissue-equivalent 
phantom 
der and Neufeld, the experiments ol 
Mills, and this present experiment the 
departure from the exponential appears 
to occur between the I intom suriace 
and a point 1-5 em inside the phantom 
From the information available at pres- 


ent, it would seem that one is justified 


in using a relaxation length of 7 


and a buildup faetor of 1.5 


phantoms ind 2.5- 


eithe 


tissue-equivalent 
Mey 
source or a 
reason to believe cre. W. A 
the values of both the rel 


neutrons from point 
There is 
\Tills) that 


imation length 


vith 


broad beam 


and buildup factor change phan- 


tom size, especially when the phantom 


is small, ice., dimensions of the order of 
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x- Snyders depth- dose colculation for o 
broad beam of neutrons ina tissue slob 
~ Dose per incident neutron per cm? calcu- 
loted from experimental dota taken at 
R=147cm 


« 
'~ 








FIG. 6. 


energy 


Neu- 


one notes that for 


enaleulated by vale! 
feld ] -CC ] iw. © 
values of \ 


ott exponentially: in 


curve hd 


> Sem the cde pth dose falls 
fuct the relaxation 


length in this example is 7.ol em us 


compared to 7.52 em in the 


values of XY <3 
cm, however, there is a marked depar- 
With 
Neufeld fo: 
s10n 


ind the total dose of 


experl- 


mental case, lon 


ture from the exponential form. 
the data of 
the 
3.0 xX 10 
5.3 X 10 


Snvder and 


enlceulated first-coll dose ot 
*~remn 
nat the phantom sur- 


rep 


* rem 
the factor B becomes 1.51. 
the purpose ol this di 


face, 
scussion, | 
10.5 rem: Snvder and Neufeld used an 
RBE of 10 for the part of the dose con- 


Depth-dose curve for a broad beam of neutrons with 2.5-Mev 


average 


several mean tree paths ol 


neutrons. 
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Fast-Neutron Scattering: 
A Correction for Dosimetry 


Applicable to neutron-dosimeter calibration in air, the inverse square law 
predicts dose rate for source-to-detector distances of 20-150 cm. 


Measurements at various heights above concrete agree with albedo-theory curve 


By JOHN W. CURE and G. S. HURST 
Health Physics D 

Oak Ridge National Labo 

Oak Ridge, Tent 


tunce ises until J) reaches 160 em, 


ower preamplifier drives the counter 
ft of cable to the ind then a maximum appears in the 


SINCE SCATTERED RADIATION reaching 
the point of measurement is a major signal through 60 
vould be de near A-1l amplifier, The A-] 


liscriminator is biased to 1 pulse Height above concrete. As the 


problem in dosimetry, if 


sirable to determine 
and detector ipproach the con 


]. Variation in neutron dose rate at ( ith 2-r/hr gamma radiation inci source 
a pot Ith galt with the dist nee betwee! ent on the detector The \- nent ete om above, there is i place where 
the source and detector (D i The drives the pulse integrator the neutrons scattered from the con- 
? i Variation with the height H) o i device that automat i wiils crete begin to affect the dose rate. \s 
the source and detector above a cot the pulse heights) and a le-ol-4 HT decreases turther, the scattered neu- 
crete slab The neutron dose ay t eaching the detector increase 
3. If the inverse square " re th to the summation « the pulse ( ising the rise inthe curve, The dose 
dicts the correct dose rate at point I eights Phe source was P Swi ! te ‘ hes a maximum at the point 
au neutrol ith a ‘ o H/D = 0.25 kor Wer values” of 
4. Whether the seattered neutror 26 Me H/D e neutrons that are scattered 
dose rate can be accurate measure hie preamplifier and detector were have to travel increasing greater dls- 
by introducing a pal iffiy le a | p et ene bug tances th oh tl I ete te each 
appropriate thickness \ lantit les Cas) t ector due to the fact that the 
source and the point losed in the bag to keep the au neutrons are effective scattered at 
The conclusions of t] experiment so that 1f was possible to perfor! tance below the surface of the 
apply directly to calibration experiment out ot doors, where un col ete The result is a net decrease 
tron dosimeter in air by we ehting the lesired scattering materia Vas at 1 Gost te. 
neutron spectrum reac} st Wher HsD < O05, the conerete 
effectively absorbs the neutrons scat- 


ment by the first-co 
Scattering Measurements tered in the conerete as far as can be 
tron scat- letected at the position of the detector 


Experimental Set-Up Curves showing the neu 


The experimental arrangement tering from concrete (whicl ied i he dose rate when /1/D < 0.05 could 
measuring neutron seatte thiekness | >to 4 in sa func- even be less than the flat portion of the 
crete is shown in Fig. | ha datent the distance above ( ! ete because there is 27 air scattering 
(1) is an ethvlene-t several erent source-to-detect« stead of 4a air seattering. The sta- 
proportional counter \ tances, are shown in Fig. 2. The tistical error of each count is shown on 

te een norm zed te init these curves 

*ORN flat portion of each curve Phi Paraffin frustum. Figure 3 show 
eae eet ,’ ( : ercentage of neutron seattering in- lata obtained with a 44-em parafhi 

( the source-to-detector d { tum between the source and the 


Carbon Chemicals ¢ 
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A 

preamplifier 5 ft 
= ;: - : “> . ee : AP * ae ae 7 x a my 1 © 
7. * ‘ Sagas ©. -:¢., Concrete slob 40 x GOFt 8 eh gs 
r e . n v7 ° © eo ba © 4 ro © © , © ’ o Qo o ° ’ 


FIG, 1. 


Experimental arrangement for measuring fast-neutron scattering as function 


of source height above concrete at various source-to-detector distances 


These 


scattered-neutron 


curves follow very 


compo- 
therefore, if 


nent of curves of Fig. 2; 


Irustum of appropriate di- 


mensions is placed between the source 


nd detector, the dose recorded is due 
to scattered neutrons onlv. The sta- 
tistical error of each curve is 5% 


Source-detector distance. Figure 4 


i plot of the dose rate as read from 
the flat tions of the curves of Fig. 2 
( eights above the conerete 
here neutron scattering from the con- 
ete is negligible) against the corre- 


ng distance between the centers 
the source and the detector. The 


ePXpel ental error is shown 


the 
a distance of about 


The dose rate 

up to 
s between the source and de- 
rate 
rease above that predicted by the 
It is thought that 
ease above the inverse square 
le t 


follows inverse 


d then the dose seems to 


Inverse square Lav 


“air 
tir sf 


ittering. 


Theoretical Scattered Dose 
B means ol 


11 


the albedo theory 3), 


t et irve can be formulated 
that agrees with the experimental curve, 
the experimental error. The 

groul . ssumed to reradiate an 
amount energy that is proportional 


nt of energy incident upon 
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E (K, 7/2 





it. This constant factor of proportion- 
ality is here defined as the dose albedo 
(a), since changes in tissue dose with 
The amount 
and angular distribution of the ground- 


energy are neglected. 


reradiated dose per unit of incident 
dose is assumed to be independent of 
the angle of the incident dose on the 
ground. Also, the amount of the re- 
radiated dose Is assumed to be propor- 
tional to the cosine of the angle with 
respect to the normal to the surface. 
Let E the 


square centimeter pet! 


scattered dose per 
second reaching 
the detector, assuming cosine scatter- 
the 
The 


quantities is clear 


ing from the concrete, and A 
source energy emitted pel second. 
meaning of the other 


from Fig. 5. 
9 and 10 (4) 


Combining Plesset’s Eqs. 


aN, Hl 


where 


K | 


1p 
Db + I] 


is the complete elliptic inte- 





( Normalized to Unity) 
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urce and 
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FIG. 2. 


Dose rate vs H (height above con- 


crete) for various values of D 





Dose Rote 





an 
030 






D*!60 cm 


D*8Ocm 


H ( meters) 








FIG. 3. 


Paraffin-cone measurements 














gral of the second kind 


i Ki 


converted to 


aN - 
Sr? DD? \H 


rl 


where D/H, then 


Sr? Dk 
aN 


9 * 
A graph of this function f 


against & is shown in | } 


Dose 
Ratio of Dose 
Dos 


Dose 


aN of 


NTT D 


dose ratio 
HyD L/h 
y experimenta 
a Value of ay 
the refleetion e 
As can be noted 
retical curve falls 
curve within the 
ol 10°). 


The authe 
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heoretical inverse 
squore low 


01502 0304 0608 15 
Distance (D) from Center of Sourc 
Center of Detector (Meters 


FIG. 5. Geometry used in calculating neu- 
tron scatter from concrete 














4. Comparison of measured dose 


inverse square law 








FIG. 6. Plot of function f(k) 








= 80 
= 160 cr 


Theoretical curve using albedo approach 
assuming cosine scattering 


320 








Comparison of experimental results with albedo 


approximation 
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TOP SECRET 


here the next great area in the rocketing — and in its implications to commercial aviation, 


flight...a study in deep blue of thre Lhe rivers, lakes and seas of the world offer limit 


sof our world. less landing and take-off arcas to most cities, at no 


hose behind the scenes, the picture says this: cost. And tomorrow’s flying boat, tree of the tons 


heavy weight of landing gear, is the most logical an 


it Martin, one of the most important devel ss 
ts in the world of aviation is under way—and — cratt for atomic power. 
ips. When the champagne is swung, it may \s top authorities on hydrodynamics, the technol 
inch a new era. For the next Martin flying ovies of water-based aircralt development, and th 
ill be a e1ant step fon ward ol unprecedented waters of the world, Martin’s role in the coming new 


ions, both in its importance to naval airpowel air era is inevitable. 


| j ’ 
hear more about Martin 


MV 7A FE 2 Ra oe) 


BALTIMORE: MARYLANODO 
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FIG. 2. Self-absorption correction curve 
for barium sulfate and for digested organs 


FIG. 1. Centrifuge tube 


Procedure for Digestion 
and Radioassay of Animal Tissues 


By HERMAN CEMBER, in the literature may be used 


JOSEPH A. WATSON, wit! 
and THOMAS B. GRUCCI 
De partment of Occupationa Healt indard 6 x ; In. 
Graduate School of Public Healt! oncentrated 
University of Pittsburgh The reaction is allowed to pro- 
Pittsburgh, Pennsyl 


masses of tissue up to 2 gm. 


Organs to be digested are placed in 
test tubes; 
added to 


‘ ) 
2 mi ol 


nitric acid are 


rania 
ql ¢ 


vernight without the addition of 


t thus eliminating the excessive 


Wet digestion procedures miming which occurs when heat is ap- 


assaving animal tissues (/ may plied during 


the preliminary stages of 
The 
bath at 100° ¢ 


or incomplete digestion, occurring i f he g lears If foaming o¢ 


complheated by extraneous ae ee hea area the 
| ( t n tube ure then 


due either to ocelusion of insolul < hod tn a toeten until 


urs, 


final product for assay nt ne or two drops of an equal mixture 


method used in this laborator alcohol and phenyl ether are 


saving sulfur-35 in rat tissues The tubes are cooled and 1 ml 


terial frequently is collected with tl 0% hydrogen peroxide is added. 


barium sulfate precipitate wevel ire again heated ina 100° C water 
il all the radioisotope could 
rated 


then these solids should be 


ud lear vellow Oo! brown solu- 


until 


from the suspending indicating complete oxida 


-organic matte! The tubes 
sequence in the radioact 


To test this hy pothesi 


and tollowing the addition 


concentrated hyvdrochlori 


tion measurements made on dig al d ) 1. are heated in the 


lunes Ts VS A ; 
lungs, livers, kidneys ay dense brown ft 


compared to similar to come off 


made on barium. sult cooled an 


physical characteristics 


} 


depend to a large exter I © OF I 1 solution of sodiut 


being  assaved ny citi ( | ; thvl red-bromt] 


solely to the nature of Although t] 


cidic stage 


present could thus by 


n¢ um hydroxide causes the 

Digestion Procedure Giaiiicaiaih indian salt Wins eciemmadiiaaie 
The 
here is a svnthesis of the 


40 


digestion procecalure ( t | iT 7 its 


OLN Nae 
arlum sul- 


fate is then precipitated b adding an 


sodium sulfate in O.S7 mil ot 


SO, solution are added | 


excess imount ol Darlum chloride 
This precipitation is ¢: le out at 
7 ind 7 H 6-7 for at least 2 ht 


uniformly thick 


<O> ( 

To achieve repro- 
ducible samples for counting, specially 
centriiuge 


collect- 


constructed stainle teel 
tubes l ig l are used lor 
aluminum 


Weighed 
j 


washed in deter- 


Ing precipitates 


planchets, previously 


gent and dried under an infrared lamp 
are mounted on the tubes using Teflon 
gaskets and Cello-Seal (Fisher Scientific 


Co., Pittsburgh, Pa 
seu The sides of the tubes are 


to insure a tight 
then 
adding 5 ml of 1% gum 
This prevents the 


adhering to the 


wetted by 
solution. 


barium sulfate from 


f the tubes. 


sides ¢ 


The precipitated digests are quan- 


titatively transferred to the tubes by 


repeated washing with distilled 


and the 


wate! 
centrifuged for 15 

Atte 
removed dried, and 
thiekness 


thus obtained, the counting rate 


tubes are 


min at 2,500 rpm decanting, 


the planchets are 
weighed From the areal 


may 


be col 


self-absorption. As- 
that 


is brought down 


rected fo1 
the supernatants indicate 
the radioactive sulfate 


with a high degree of eth 


ency. 


Measurements 
eX] ments were 
m end-window 
windowless gas-flow 
Both counters were stand- 
ith a C'* pb-ra standard 
ions were made tor background 


loss. and window and al 
leviation 
»counting rate wa 


> presents ain Hotauined trom 


-~ | 


lung kidney s 
I is the s 
the counting 
The Curve 
with that 
The count 


counting 


< obtaimed 
easing sal} 


total act 





Ac- 


2, the suspended solids 


mal tissues for radioactivity. 
g to Fig. 
the self-absorption character- 
the digests from the various 
The deviations of the tissue 


the barium sulfate curve 


be explained by the fact that the 
‘posits on although 


the planchets, 


latively unilorm, may contain sur- 
egularities due to the deposition 


The 


greatest amount of suspended material 


of one or 


more large particles. 


is encountered in the liver digestion 


Here, fat-like substances (7) are de- 
posited in masses on the planchet, pro- 
ducing the maximum degree of surface 
the 


eurve, 


devia- 
the 
in the opinion of the 


irregularities and greatest 
the 


departures are 


tion trom However, 


authors, not significant in most  bio- 


logical work. 
In making the 


absorption, 


correction for self- 


therefore, the correction 
factor for 


thickness of 


the cor responding density 


barium sulfate may be 


applied to the digests of any organ. 


Potting Photomultiplier Tubes 


By ROBERT K. SWANK and 
JOHN S. MOENICH 


{rgor Vational Laboratory* 


photomultiplier-tube potting 


hnique involves adhering a Lucite 

guide to the tube’s cathode sur- 
ice, Surrounding the tube with a Mu- 
Metal shield, and enveloping the whole 
in an aluminum “can.” 

The light guide provides a flat con- 
tact surface with the crystal scintillator 
for the RCA-d5S819 tube and serves as an 
the DuMont- 
inst cathode-surface current 

The shield 


ld interference with the cath- 


The 


DSI9O and 


itor tor 


prevents mag- 


-tirst dy node electron flow. 


ted by The University of Chicago 
et W-31- 


109-eng-38 


Phosphor assembly 
Rubber washer 
collar 


Lucite light guide 


5819 phototube 


Cylinder 


Mu-Meto! shield 
positioned and 
secured by Scotch 
Electrical Tape 


No 33 

















EC 80! 
cement 


rubber 





EU UU 
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whole is made light tight by the alu- 


minum can. 


Preparations for Cementing 

The lower !', in. of the tube base is 
roughened all the way around by rub- 
cloth. 


larly, the inside of the aluminum cyl- 


bing gently with emery Simi- 


inder is roughened for about 1 in. at 
that end to which the tube base is to 
be attached. This 


proves the adhesion of the cement to 


roughening im- 


both tube base and aluminum cylinder 


and increases the joint strength, 


Guide and Tube Assembly 
A 5s19 
Clean 


the tube in a base. 
tube socket serves excellently 
the cathode 


thoroughly 


Insert 


surtace of the tube 

Place the 

tube in an upright position in an oven 

held at approximately 70 cS. ne 
| 


the eathode surface place a small piece 


uppel 


with acetone. 


(about a ®y-in. cube) of clean, clear 


polyvinylacetate. Supply a slight ex- 
cess to assure successful completion ol 
the step; the excess is easy to remove. 
Support a half of a Petrie dish above 
the poly vinylacetate and tube to pre- 
vent dust accumulation on them. 
While waiting for the poly vinylace- 
tate to 


clean the light guide with ethy! aleohol, 


become sufficiently pliable 


dry it with Kleenex to remove 


the 


Ten minutes heat- 


any 


cloudiness, and place it in oven 
alongside the tube. 
ing of the guide should warm it suffi- 
ciently to secure good adhesion of the 


parts by the poly vinvincetate. 
When the polvviny 


and the light guide is warm enough, 


lacetate is melted 
remove the parts from the oven, blow 


off (with the breath) any dust aceumu- 


Atomic Ene 


This work was va 


rgu Commissiw 


AT (30-1)-912 


s 
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List of Materials 


Aluminum cylinder 
diameter, 476 in. 
thick 

Aluminum collar—threaded 

Brass ring threaded 

Mu-Metal shield 
Allegheny —hydrogen-annealed, 
21 in. inside diameter 

long. Made by Alle- 
ghe ny Ludlum Steel 

Photomultiplier tube— R¢ 
or DuMont-6292 

Tube base RCA-5819 tube socket 

Lucite lightquide le oan. thick 

diameter for DuMont 


prin. a 


/ 
long, 


0.025 in. gage, 


dha oan, 
(Corp 


A-5819 


1 <-in 
tube; '4 in. thick X 1 
ameter for RCA tube 
Polyvinylacetat Vinylite Plas 
tic. AYAC Blend 3695"; ob- 
tainable from The Bakelite Com- 
pany Box N. 
S. W. Veg 


BVS-8900): this must be 


South Charleston 
ord r " amb / is 
clear, 
white, soft enough to be workable 
at temperature not detrimental to 
phototube 
Rubber cement Vinnesota Min- 
Van fac luring Co, 
Vich.): base 


and 


ing and 
(Detroit, 
EC-SO1, 


SU? mid 


age nt, 

kC- 
; parts base with 
hefore 


hardene 


1 part hardener short 


/ 
use; kee p hase agent nder Tre- 
frigeration when stored 
Scotch Electrical Tape \o 
Gasket sponge r thher 
Ring Bakelite: inside 
depends upon outside 
of light quide 
Vasking tape 
Tygon paint white plastic, U.S 
Stoneware Co 1/ ron, Ohio 
Polystyrene sheet—thi 


Colloidal silver paint 











lated on the light guide and | ( he taupe should be placed so that 


guide on the tube. With asi | vl reunierence 
ol plate yvlass apply gentile pre ( ) tion f tl tube 
the light guide and gradu 1 ! 
AYCPSS © WOLVY vincetate a : 

eet ; payee * Mu-Metal Shield 


tween the guide and the t 


! tne! pber cel 


glass permits unilorm distri t 
{ ht l ol electrons 
the pressure ind avoids dist t ! ! = 
( hod ri to the first d 
may result by direct use ¢ ( ( 
thie hotomultiplier, a Mu 


Distortion results ina nonul ( 
, eld eed abou the tube 


ol wetting agent betwee! 


] wrapped 
lighit wich ! sand alle aa ‘ 
! elop i] ibe about 


out 


polvvin' 
i with 
i possible ol the e 
heen Squier zed rol 
enter light guide on thi 
Let the assembly coo 
nvlacetate has 
thre maining EXcess 
acetate using Kleenex 
ethyl alcohol Do not u 
this purpose, as it will att 
The top surface of the ‘ 


hould now be covered with ma Assembly before Potting 


tupe and this covering shi i ¢ } , nblv consists of a 1 


tuined in place until the “potting num cvlind the upper end of wl 
completed, thereby — protectir u fastened to a threaded brass ring 
guide from marring and solver ikelite ring to center the tube w 
To prevent loss of light throug! , ler and thus to “float 
edge of the light guide, th ‘e Ly ! onfines of the eylind 


painted with three coat und a thi aluminum collar 


white plastic paint A pproximatel sreneetcec il vstal relative to the tubs 


| hr should be allowed bet weet rvstal. and. with the 


ve apnnhes » 71 ? } . 
evs applications of the pain : " ponge rubber gasket, completes 


of application and tenacious adherence ie EE PET 
to the Lucite make Tygon p lesit tte t] he inside diameter of 
ible. But improved reflecting pov Lalit * nennestionad 
irable. Tygo int ( e ; . 
desu ible Iyvg I l , | | meter of the j 
in acetone; therefore, ral leanw : srger for the RCA-5819 
the DuMont-6292. This is 
fference in the pott 


Current Leakage dss dies, 
( ured 1o!] ese ubes 


operation, use ethyl 


insulator against current 


Although the light guide t ; 
,. Potting the Tube 


other preventative is pro The upper end of 


ve a ring of colloidal 

e of the light guide 
painted from this ring do 
the tube to pin 14, the 
ure that the surface 
with ethyl aleohol before t] 

Use a thin sheet of polyst 
in place with Seotch Electr 
No. 33, to cover the silve 


f +} 


running down the side of t 


to insulate it from the 


1 + 


that is to be cemented 


42 


ittached to the phototube 
yht guide and tube 

wer end of the aluminum 
the light guide protrudes 
enter of the Bakelite ring. 
second Bakelite ring of the 
ver the light guide, turn 


who, ana 


Diastic at low 


nsuccesstul, 
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BATCH-PROCESS UNIT: gallon tank, pump, and one film holder for processing 400 films 


Simplified Film Processing 


for Radiation Dosimetry 


By R. J. MAGILL 


DD on of Radiation Safety 


fornia 


present time, very few film- 


services are operated with as 
100) users: 


only relatively few 


Ising lomzing radiation 


oper- 


own film svstem. Several 
e contributed to making film 
difficult and expensive and 
ething not to be undertaken 
operation These are 
response in optical density is 


tv} calibrated in roentgens Due 
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to variation in spectral sensitivity of 
the emulsion, it is to cali- 
brate the film at 
Since normal use 
X-ray 

nm” chambers ure 
ardize for X-ravs 
radium or Co 


necessary 


each energy level, 


includes diagnostic 


least 


and y-radiation, at three 
required to stand- 
calibrated 


least 100 


and a 
source ol at 
me for gamma calibration 

2. If the films are developed under 
conventional X-ray 


differences in time 


conditions, errors 


arising Irom tem- 


perature, condition of the developer 


and speed of the film can only be mini- 


mized by including a calibration series 


and constructing a curve from. it. 


3. Optical density is us 
ured with a densitometer 
about $200 


Wily Theis 
This fairly 
expensive piece ol equip- 


ment would usually have no other use 
Thus whether 


} 


than for film dosimetry. 


to operate a film service ts problem 


Of CCONOTLICS and convenience 


Calibration 


Considering a given tilm and de- 


veloper, the conditions of development 


within normal limits can have only the 


effects of changing the density pro 


duced bya given exposure ind the der 


sity difference of anv two exposures 


Ina plot of exposure against density 


t ) 
th «hosim 


the calibration curve for 


etry these two changes can be re 


solved by horizontal translation sand 


change of the slope of the curve, while 
the shape of the curve is unchanged 
$y careful processing with selected film 
the results are 


and developer, niworn 


enough to require complete ca bration 
only when beginning 
At the University of California 


values, producing den- 


three 
known exposure 
sities of 0.02, 0.2, and 1.5 (density 3.0 
is the maximum for the densitometer 
estab 
These 


or one 


used), have proven sufficient to 
lish the position of the curve 


; 


values are obtained by exposure 


week on a rack having fixed distances 
from a radium button 

Any changes from the norn 
velopmental conditions 
may be corrected by 
curve so that it 
Using this 


“standard” DASSes 
through these three points 
technique, a small user does not have 
to be able to calibrate his own proce 


but ean work from a standard curve 


Development 


istualhy 


Film-badge development is 
done with equipment designed for den 


tal X-ray 


the same. 


work, since the film sizes are 


This 


for dental work, b 


equipment Tunctions 


smoothl it this svs- 
on cdur- 
hora, 


burden 


tem, designed lor Quick IDs] et 
Ing processing and a stead vor 
seems to Lmpose an Unnecessar 
on the inherent aceurae f pre 


Another 


the amateu 


essing, 
sVvstem ol handling based on 


photograpl iwht-tight 


tank is much easier to use and produc Cs 
more uniform results. The table (p. 
‘ 


14 compares the two svste lis 
Agitation is 


Development of 


olten neg 


Agitation. 
lected, 
film 


hausted developer in the emulsion In 


nh exposed 


ares depends on replacing ex 


a still tank, there is some interchange of 
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Process Comparator for Factors Influencing Development 
Bate 


1 Small amount 


ve lope I 


Changes int | frest 


dey 


exh 


CTISIVE 


ecloper t ; CX} 


tustion eplenishment based on 


time standing 


vdded 


oxidation, i film run 


metallic ton ire ill 


loading 


Time 5% absolute, error mper eful attention required 


sated in read tracted period 


rmostatic control requi 


cold 


Temperature Requires only 


fear $a rer té oO hy] 


reirigeration il 


70 


sometimes 
perature Te 
Yo 


Simple cir 


goes Over 


mor 


Agitation ulation juired due t ally none, up to LO! 


close film Spa tion top 


red 


to bottom possi 


density ol a Ze ‘Xposure 


the read- 


subtracted from 
enter- 


to find 


‘Nposure 


“a densitomete is Ze- 


unexposed the 


this 


in 
An iverage 


“amount of 


position per- 


il 
Sms 
itil 


practice 


lO” 


' 


densities closer than 


the density values sare be- 
5 With a we 
film 


Tyve 


l 
t holder w 


dge com- 


combination ol 
Peri- 


l-mm 


ind 
ith a 
ARC ner 
X-ray 


mrtos! 


Kx 


mneation 
rnostie be evalu- 
ind gamma radia- 


Values 


larly 


on 


these ut 





the solution inte » identified by numibs them 
The exhaustion products 
flow down the Lee 
C. E \lees,* a variation 


fas much as 10% from the t 


developer from 


ring 


entionally done by perfor 


odified ¢ 


film 
film 
Ix 
Identification can also be 


itching the emulsion o1 


4 


bottom of a film may result 
The effect the 
to be the conventio 


rate ol code 


ol 


In a darkroom lit with a 


OA 


turns out paper 


of eliminating the bounds Wratten 
liquid formed ona solid surface 
Ketfective 


producibility of results is then 


loaded 


asmall tank with a 


nar flow. agitation for 1 nto del The 


= 


turbulent-flow 


region ome Regular 
Morgan and Van Alle 
cates that development is cor int I need ! UV OF a ¢ 
of flow 
on 
cating paddles traveling 
film, the 


line 


wor k by 
loset wit! 


over the filn top 


thei 


rates 


sec syste! ind fixer are 


in 

ature, 
ol 

the 


tempe! 
limit of tl ! } Linasink full 
the 
is 4 
he doubt rel ent o1 ( t! water b Will por 
If the tank 


Upper Wile 


portion of agitation-d n | before load 


ment effect w 


is not cold enoug! 


upper limit is 


the method of agitation 


Batch Process 


processing eal 


PLETRTTEAULEE 
shortest we 
fl work between ten 


ims per 


thousand 
bor still-se 
dred films 


pouring 


heckwriter or exposing — 3 Ss same 


through suitable perforated © 


the films ar 
rom their packets and loaded 
holders 
light- 
illumination 
ifter this so that the dark: 


Fresh solutions of 


stabil 


estimated with 


be 
With 


densities | 


Thi 


iting 


dadensitometet 


etween O.OL and 
combination of 


20 r of X-ray 


5r of gamma radiation Other 


) 


iluates | mr to a 


tos 


done 
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na he used to extend the 


lesired 


specications 


hy films 1 
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were 
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standard calibration 
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wear 
The 
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CLOVERLEAF source consists of seven Co"” cylinders 


Available Co” Source 


for Teletherapy 


By MARSHALL BRUCER* 
Vedical Division 


Studies 


ible-overlapping-cloverleaf 
is designed to make maximum 
balt-60 currently in plenti- 
from one of the Oak Ridge 
This source material is now 
and 0.52- 


ids in lengths up to dem 


1 


m-diamete! 


ine uetivities ranging 
gm 

use when sources 1m 
’ range are used, it 

have a short source- 


Phis 


mum allowable diam- 


SSD) available. 


irbitrarily chosen as 


linmeter, approxi- 
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mately 30-em collimation distance 


gives penumbra relationships similar 
to those of the large: The 


illus- 


machines, 
double-overlapping cloverleaf (see 
Was chosen 


tration above “us an opti- 


mum compromise of economy, curiage 


a, 7 aii iilable mi: ‘Tlais. 
penumbra, and available material 


Source Construction 


The cloverleaf source consists of 


seven pieces ol Co six pieces are l-cem 
and one is 


length. 


diameter by l-em length 


0.32-cem diameter by 1.27-em 
The small piece Is used as a central core 


and the larger piece are grouped 


top |: ver Is ] i cloverieal pattern with 


inged at 120-deg 
The bottom 
out ol 

phase. 


sented to the 


three different 


The depth of 67.5% is 1 em 
but half of this area is at l-em greater 


SSD; the depth of 26.2% is 2em. The 


1.27 cm. 


maximum diameter of the 


source is 
2.3 em; the minimum is 1.9 em, 

The source capsule for the cloverleat 
design has been drilled to fit; there is 
thus the possibility of maximum shield- 
ing in all except the forward direction 
where there is no unnecessary shielding. 
A jig has been made to allow for simple 


loading. The cloverleaf fits into the 


standard source capsule ] 


Source Strength 


The characteristics of the first such 
source to be made can be used as an 
example of the advantages and = dis- 
Table 1 


roentgens per 


advantages of the design 

The caleulated 
at 1 meter 
7.9 1 


hour 


(rhm) is about 476 rhm or 


min at | meter (rmm). The 


actual measurement was 3SL rhm or 


6.35 rmm. A number of corrections 


partially explain the discrepancies 
There was approximately 
the steel 


source capsule; our 


1; absorp- 


tion in cap ot a prototype 
measurement oO 
the output was made about two months 
alter 


dual pieces, 


the measurements of the indivi- 
The calculated value was 
reduced to 7.4 rmm. 

The remaining discrepancy is prob- 
ably due to the Way in which the indi- 
vidual pieces were measured to give us 
the original ** paid-for-value”’ 152 
These made 


by ORNL for determining the price ot 


curies,t measurements 


ORNL 
has idopted f . method of measuring 
Co that { 


rSinee this article writter 


allows closer 


caleulated and measured \ 





TABLE 1 -First Source Made 


Diameter (em 0 


3175 
Length (em 1.27 
Presenting-face PRA 0. 1008 
aren ecm 


Volume cH 
ight (gn mi 14 


12S0 








the cobalt, are made in a lease 
with = |-in.-Pb 
source and detector in a ver 
Although tl 


ments are calibrated accurate 


attenuation 


beam geometry. 
are calibrated to measure total 
the confidence level is not bette 
20% The detector “cees’’ at 


of each individual piece ol col 


might be different from that used 


teletherapy machine In me 
the output of the source in. the 
therapy machine, we mensture 
small fraction of the 4a geor 
air even with the largest cone 
teletherapy unit, and little 
eatter build-up is) included 
pears that, of all these possibi 
discrepancy, the use of a wid 
geometry in the calculation 
will give a constant bias; theref 
statement o 
ticket will be about 10° higher 


it were measured under the 


curiauge on the 


ol teletherapy use, 


Cost 


The cost of Co for th 
source, adjusted to mateh the 
Table 2, was $2,750 or $7.20 
delivery. It is not the most ec 
cal source nor is it the most ecor 
design 

It is 
probable cost of what = m 


interesting to « 


signed as a best possible 
when the same or even bette 
tion facilities are used, such 
Table 2. The 1.5-em-diam 
is in the cost range comparal 
lower specific activity an 
be an excellent source size 
heetocurie Co® machine 
t maximum of 600 rhm 
the cost relationship 
output 

Since the facilities 
activity production are 
their production should be 
higher-curiage machines | 
problems of handling tl 
sources increase almost ex) 
With increasing curiage 
dition to those of the 
must be taken into accout 
few vears ago, there were 
lar handling 
even today 
limited 

The 10-curies 
duced in an AKC facility tl 
neutrons for Various purpose 
lated to teletherapy. Th 
fic-activity Co need not be 


priority allocation. There 
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TABLE 2. —Cost of Cobalt-60 Sources 


Diamete Lenath Spec 


Tota cost 


6.3-rmm source 


10 370 
50 310 
50 320 
50 40 


10-rmm source 


10 7 $4,550 
50 i $4,250 
90 515 34,400 
50 $5,700 
quotation F SS, S00 


30-rmm source 


" possible 10 
50 1,650 $13,250 
50 2 550 $20,000 


60 


$7.10 


30 


S450 


ownne 


radiation 


‘ 





nteed production and 
t te) al ' } »e rt } 
© Pacer Cal  CXPOFrlea 
of affecting the Ameri 

Moms 

oni one 
recommend. it and this 
takes ultimate precedence 


factors at the present 


Gamma Counting Efficiency 
of Two Well-Type Nal Crystals 


By R. BASKIN, H. L. DEMOREST, 


and S. SANDHAUS 
Re / t Ve 


the detectior 
liquid radlow m Cu ind biologi 
ieved by the use of — we have uuntered 
illation ervystals do not 
by Anger,* 
well formed 


\lost counter 


construct 


ounter that 
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resent 


WOrK 


lis whe 


+} 


irements 


hok 


re 


sulhicient 





le. With a greater total 
tivity such a counter 
reduction in the counting 
flora given accuracy even 
ficiency might be less than 
he smaller well crystal. 
selecting the ervstal size and the 
nsions, a number of limita- 
ust be considered. The efh- 
the Nal ervstal as a radia- 
or is dependent upon the 
vstal available to absorb 
radiation The extent to 
ver-all size of the crystal 
sed is limited for practical 
he size that can be efh- 
to available photomul- 
by the greater cost of 
We selected as a de- 
12 in. in diameter by 
je 1%, in. in diame- 
In the sealed unit 
Measurement of X and gamma radia- 
tion with thimble ionization chambers 
is accurate and dependable, Thimbles Saterchangeably com 
have well fulfilled the demands of the persed eo conteel units 
roentgenologist over the years. Now, by coaxial cable, the 
these same qualities are more and more stainless steel probe sup- 
in our laboratory. This arti- evident to the physicist who encounters ports thimble chamber 
report the results obtained radiation measurement problems to at the free end. 
inter and the relative which thimbles may be supplied. Coaxial cable up to 150 


’ . feet or longer connects 
Newer types of thimble chambers 
, the probe with control 


. 
a small well counter . 7 ; 2 , ; 

mounted at the end of a steel probe ends provides easy, 
1 number of isotopes, may be used at distances up to 150 feet exible handling. 


Harshaw Chemical 
stal of these dimensions 
ial and a plastic pro- 
scintillation counter 


this large well ervstal 


the large well counter 


510 Roent- 
gen Rate Meter, hous- 


Counting Systems. Two sepurate or more from the central control unit. The Model 
nters were used for the two crystals, Probes may be interchangeably con- ' 

nstruction was similar nected to either the Roentgen Rate ing power supply, rate 

cuit that supplied Meter or the Radocon. meter, amplifiers and 


range selection devices 
for probe operation, 
may be mounted on 
table. wall or panel. 


he dyvnodes of the A list of probe s follows with corre sponding 


tinlier tubes was of data on energy and sensitivity ranges. 
pl as of 


\ thin Lucite Model nanan Sensitivity 
No aes - Ranges (r/min.) 
fit _— 

601 , 3, 10, 30, 100 
ace of the 602 30 30. 100. 300, 1000 Radocon measures a 
coupling at 608 so 3.1.3, 10 (4 hr) preset roentgen quan- 


> Of : > : 
1 chtained ber the use 613 400 eee tity and the rate of 


The output pulse of the 603 1500, 5000, 15000, 50000 delivery of dose os 
| “ 400 4 4 quantity. It can control 
siete Teall Seal he aiid 605 0.3, 1, 3, 10 ; 
as Ted InvO & Cathode 606 a 3, 10, 30, 100 the X-ray shutter. and 
ified, and then recorded 607 . 30, 100, 300, 1000 many standard type 
recorders, 


vide a close The unique Model 575 


‘he counter assembly was 604 20-50 30, 100, 300, 1000 

ead shield made up of 610 T'*! Au 1, 3, 10 me I! 
which prov ided 1! 5 609 - 3, 10, 30, 100 

directions. Typi- A thimble chamber may well 

be the answer to your mea- 

surement problem, Vic- 

toreen’s quarter of a cen- 

tury experience in design 

and construction of thim- 

bles and associated equip- 

ment is your guarantee of 

complete satisfaction, 


eounting rates were 


irge well counter and 


small well counter 


were reduced to 
ctive ly bv the addi- 


shielding directly sur- 


ve rood plateau 
ind the operating volt- WRITE TO 
“l to be at the center of ° a i 
nv ocaeane Medical Instruments Division 


The Victoreen Instrument Co. 


5806 HOUGH AVENUE, CLEVELAND 3, OHIO 


eh Isotope used In 


ge was at least 4.5 
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TABLE 1 Counter Efficiencies for | TABLE 2- Counting Efficiency of Well-Type Counters for Various Isotopes 


Sam ple E flicienc ¥ (Q 


rolunme 


we [/ Lar de 


28 (100% : ) ( 0 OO 
5 Ann. 100° 
~10°% } 263 0.090 
50°; Se | 0 O19 
0° 
17 (100% 0.010 
> (1006 


~85% ) 5 y ty 0 009 





volts per photomultiplier stage b I | nator of the equation | were used for each determination For 
the port where tube noise became ap- pparent from the ariution in the gal each isote pe duplicate samples were 


preciable The efficiency f fact for volumes greater that counted long enough to reduce the sta- 


ig 
counters Was greater at higher vol ; Cl large well counter give istical error below 1°%. Samples from 
but the increase in background was ut mpre ment in counting rates; I ‘para y assaved solutions counted in 
desirable in’ the counting of low sma imes there is little difference lis manner vielded efficiencies that 


t rw 
activities n the two counters. Inasmuch were in agreement within +5‘ Che 


Effect of sample volume. fi- a ist of the large well crystal results are shown in Table 2 


cleney of the two counters as functio ) vy more than that 1 | Sensitivity. The minimum detecta- 


of sample volume was determined ma ell crvstal, it would seem that ble activity for each well counter ts 
a solution of iodine-131 prepared fror former is to be preferred if a choice ‘ i direct measure of the sensi- 
a National Bureau of Standards ret is to be de ivitv of the counter. These values 
ence source, The values repor 1 t noting that the use of the a ned as that specihe activity 
Table 1 sare for absolute efh ! I r Cl le: » extended to hat in il volumes of 4 em‘ or 20 ¢m 
counts per disintegration thoug! ree olu = bv tl Hof a special { small and large we ervstals 
the sumple wells hold onl cl les ‘ samp al that fits into the ! vould give 100 net counts 
20 em, the ethicieney for larger ylut ( is Al pper section shapes pe inute This definition was made 
was obtained with tall sample ils t k ker that covers the cross in pret oO using one based upon 
ite because 


protruded from the well in t] ! ! ( il lea can b he background counting 


The error in these eflicieneyv d ! ! ( ! ! ! I f nds : Variable | aifterent 


tions did not exceed +5 J t r ne S into, on, and 
This series of measurements he we sta Such containe 
The variation of eff en t ! ilthough there 


] 
SiTnpLe 


xpected 

Lt counter is les 
of the well counter 
imple volume However 
Or any 
well cou 
Ing rate 
be seer 


dehned 
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TECHNICAL BRIEFS 


® Structure of glass study will be 
ler a fellowship established at 

MIT b Owens-Illinois Glass Co. 
B eans of neutron bombardment, 
ped to determine the structure 
possibly produce ad- 

tructural rearrangements. 


e Wi | he Brookhaven 


® Cesium-137, separated from waste 
fission products by ORNL Operations 
been pressed into two 
in. thick, 1'y in. 1 
rhing a little more 
two pellets, con- 
of radioactivity, 
mible jacket of stain- 
‘he first pellets will be used 
ipy unit being prepared 
rch inthe Medical Divi- 

ORINS 
® Tracer techniques have been applied 
electric Phenolic E:ngineer- 
itory to determining erosion 
ds caused by plastic com- 
part metal per 20 mil- 
plastics ean be detected. 
ng from a standard trans- 
capsulated and irradiated 

BNI 


¢ BF. proportional counter, developed 
Westinghouse for use in the Nau- 
ther! reactor, was designed to 
and to withstand tem- 

to ( Sensitivity 

is about 4.5 

i filling of 55 ¢m 

counter remains 

lds up to 230 r/hr. 

ition is welded aulumi- 


eis O.OO]-in. tungsten. 


@ Gantry-mounted linear accelerator 
nt of deep-seated 

the \lega- 

ut General 

Tyne, Eng- 

world’s first 


in energy rating 








Correction 


References in “‘Growth Potential of the 
U. S. Nuclear Power Industry’’ (NU, June 
54) on p. 15 to Fig. 3 and on p. 16 to 
Fig. 2 do not refer to illustrations in the 
article The curves to which they refer 
were published on p. 73 (top left) of 


the May issue 
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SAVE TECHNICIAN TIME... 


Completely Eliminate Tedious Manual Sample 
Changing in Your Radioisotope Laboratory 


You can automatically count and record the radioactivity of 
as many as 50 samples with Nuclear-Chicago’s Sample 
Changer System. Each sample is counted for a preset number 
of counts after being smoothly moved from the “load” maga- 
zine into the count position within the lead shield. Shields are 
available for use with Nuc lear-Chicago eeiver, scintillation, 
or automatic gas flow counters. 


When the preset count is reached, the scaler stops; the print- 
ing timer records the sample “identity” number together with 
the time required to accumulate the preset count; and the 
changer moves the counted sample into the “unload” maga- 
zine while simultaneously moving a new sample into count 
position. After all the samples have been counted, the instru- 
ment can be set to (1) shut itself off, (2) take background 
counts, or (3) repeat the cycle indefinitely if desired 


Nuclear-Chicago scalers are available for use with the 
changer, or other scalers may be suitably modified. Fifty 
numbered sample carriers accept 144” or 1” by 's” sample 
planchets. Count Selector Switch coupled with scaler’s Scale 
Selector Switch provides a wide range of preset counts. Both 
sample magazines are clear plastic for easy observation of 
cycle progress. Expendable sample carriers and the chrome- 
plated turntable make decontamination simple if necessary. 
Write for complete details today. 


Nuclear-Chicago offers a full line of products including 94 
carbon-1I4 labeled compounds, film badges, accessories, and 
completely equipped radioisotope laboratories. We will be 
happy to assist you with any radioisotope question you may 
have... or ask us about the feasibility of applying radio- 


isotope techniques to your production problems. 


Nuclear Instrument and Chemical Corporation, 
235 West Erie Street, Chicago 10, Illinois 


nuclear - chicago 





CHICAGO +« NEW YORK «+ LOS ANGELES 
DALLAS *« HOUSTON «© SILVER SPRING, MD. 


Write for Model C-110 Specification Sheet. 
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NUCLEAR ENGINEERING 


Demand for new steam electric capacity by 1975 . . . 


consumptior 9 


kwh 


800 





Replacement 




















———— a 





, 9 
new plant=874 x 10 


will be met at these generating costs. . . 


Mills /kwh )" kwh in each cost range 


200 


Total= 874 x 10” 


Power Costs: 


Nuclear vs Coa 


To see just how reduction 


power costs will affeet mu 
competitive position, the At ! fy me must look not 
ergy Commission has ey 
of generating power 
ventional steam) plants 
ean be compared with the 
mills sought from nu 
1-7-muill nuclear 
he widely competitive 
The Federal 
computed for the J tte nai = Sai Sinai 
that in 1952 the averag 


new postwa 


eost of steam-generated 
in the U.S. was 7.4 mill 
major utility. svstems 
ihe ludes it wide range ol 
vidual plants, vary 

and efficiency of 


extent to which 


50 


TABLE 1-—-Cost of Power from New 
Conventional Plants* 


Gene 
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to be built to re- TaBLe 2 Estimated Costs and Energy from New Steam-Generating Capacity 
it equipment. See Table 
hart. Stability of gener- Vew capacity to be built during five-year otal capacit 
= assumed, relying on con- periods from 1955-1975 (10° kwh 
se in efficiency of con- 
rating plants to offset 
fuel Examination of 
market in this manner 
rtance of generating 


nd rate of growth 


Power Com- 
1952) venerating 


new post- 


following 





Total new cape 
Capacity at begin 
ning of period 
Total 
Less re tired capac 
Total capacity at ¢ nad 


of period 





Nomograms for 


Uranium Burnup 


By F. R. TARABA 


{ \ 


mograms has been con- 


ve the burnup equation 


per cent) 


where B burnup 
o> £ U2 en- 


thermal neutron 


/ 
\ 





0.050 


etion 


p 


for fission of U5, em?, 


De 


nstant in constructing nom- 


0.020 4 
0.015 
0.010 


235 


thermal neutron flux, 


Total Atom Burnup (per cent) 


U235 Depletion (per cent) 





y255 Enrichment (per cent) 
Time of Irradiation (days) 


irradiation time, sec. 


Thermo! Neutron Fiux (n/cm?2/sec) 


the burnup equation is 
| for B, anv variable 0.0050 
l easily by using the nomo- 
other variables are known, 00020 
gram use is described in this } 0.00I15 
| examples illustrate the pro- } 0.0010 
iure Construction features are ex- 


0.0005 


ed imitations are evaluated. Lonen 
Construction features. All nomo- 10x10'? 4 00003 


ae ee eee ae awe weer 


07+10 


are logarithmic. Two 
: ‘ es n ae FIG. 1. Uranium burnup nomogram; @ = 10! 10 to 400 days 
ine HSsOociatvter 


burnup), make a curved 

cessary While they are Points associated with each of the Use. To solve for either of the var- 

equivalent, the scales variables have been scaled so that the iables @ or ¢, obtain D)’ as the intersec- 
th them are not geomet- combinations (@, ¢, D) and (F£, B, D’ tion of the D’-scale and the straight line 

equivalent lie along straight lines determined by the points FE and B; 
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0.10 


0.050 


Total Atom Burnup (per cent) 


u?5> Depletion (per cent) 


0.030 
0020 


Thermal Neutron Fiux (n/cm?/sec) 


0.0050 


0.0020 





Uranium burnup nomogram; 


sec 


x (n/com2 


1Oxn '4 


FIG. 3. 


OO10 + 


Uranium burnup nomogram 


y255 Depletion (per cent) 





Use of Nomograms 





(per cent) 


»ot D’ on the D-seale 
value of the desired v: 

it’ the 
j. | 


scale 


intersection of the 
straight line 

ned by the points D and ¢ (or ®@). 
e for either E or B, obtain D 


D-seale and 


ime of Irradiation (do 


35 Enrichment 


“ be 


070-50 


U* 


ntersection of the 
the 
D 


line determi 


ind k 
wedure tol 


5 to 200 days SS 


eXpresst d 


10" to 10', t 


of the auxiliary scales in con- 


with the 


othe variables is 
examples 


en that @ ede) 
and k 
total 


] Cal\ 
' 

100 davs 

Kind the 


Oo homo- 


D 


60 davs 
on flux refer to 
d Dp’ 10 


e Descente 


HOMO- 


to 10 5 to 200 days doas the 
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thermal neutron cross sec- 
fission of U It represents 
ve cross section for fission 1 
ed that the thermal neutron 
Maxwellian distribution 
pletion of the U?5> is cone | 
be accomplished as a result | 
Also, the total atom | 
fers only to | burnup. 
e the alignment charts, an 
iter than +5% is very un-| 
re is exercised in locating 
the various seales. This 
maller than the probable error | 
ted from other uncertainties | 


luring uranium irradiation, 


NUCLEAR POWER 


® Uranium fabrication process devel- 

n Belgium under the direction 

Impe is said to permit more 

preparation of high-purity 

nts. It is expected that | 

gs or sheets can be produced 

S10, 1b in Europe, or for } 

the U.S Present U.S, 

the unclad material are con- 
» be about 835 Ib. 

production on a 20-kg] 

completed. Continuous | 

with Zr canning 

development in 

expedite Muropean 

of D.O- and bervilium- 

PW R-tvpe” 


T 


natural-ura- 


iterial for the new process 
vide UO, precipitated by 
uranyl nitrate purified 
raction Calcination pro- 


Reduction with hydrogen 


the UO. with inex- 

ntoxic ammonium bifluoride 
rtant feature of the tech- 
The NH,AF>. ean be reeyeled 
gh metal reduction vield, and 
juire use Ol expensive Tur- 
needed when using gaseous 


<s is continued by vacuum 


to vet Ul 


Calcium re- 

ls uranium metal, which 

cast into bars having 

grain diameters 

led into sheets 
rolled 

Ss. reactors 

he excellent 

bsorption char- 

verage density 

» the normal 


to low carbon 
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RESEARCH. 


may f J an experienced team of 
physicists and math 
the senior nuclear 
the United States 
skills of atomic tect 
al problems. Our service 


4 


nd industry include 


urces of energy 


id computing 


intense heat transfer applications 
research using high pressures 


and similar high performance engineering 


rs on Atomic 
Write on your 


On request: ‘Collected p 
Power for Civilian Use.’ 
company letterhead to 


NUCLEAR DEVELOPMENT ASSOCIATES, INC 
78 Grand Street, White Plains, New York 
WHite Plains 8-5800 





LELAB GEIGER-MUELLER TYPE COUNTER TUBES 


Metal-Walled — Resist Shock 


Ex ept for a glass bead insulator, Lelab counter tubes are constructed entirels 
of metal The metal cylinder is used both as the envelope and cathode of the 
tube—providing it with strength, resistance to shock and simplicit 

The restriction of all component parts within the diameter of 
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LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 
Made especially for neurological surgery and other purposes 
miniature probe tube. The small needle-like probe provides an 
of measuring radioactivity in vivo and for probing small areas witl 
strong field intensity 


Write Dept. B for complete information 


H. W. LEIGHTON LABORATORIES, 26 Herman St., Glen Ridge, N. J. 
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NEWS 


U. S. Aid Helps Belgium Build Its First Reactor; 
Bargaining Underway for More Information 


Belgium’s initial experimental 1 tor v under construction 
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Washington Report 


The bill to amend the Atomic Energy Act of 1916, as introduced in 
both Houses of Congress, contained the following changes over the 
final version released by the Joint Committee on Atomic I nergy be- 
fore the bill was reported out (see page 5 for Senate, House action on 


® Each member of the AE¢ 


all decisions and actions” 


“shall have equal responsibility and authority in 
but the chairman “shall be the official spokesman of 
the Commission Although it is implied, there is no statutory requirement 
that each commissioner will have equal access to information 

@ In carrying out research for others, AEC need not charge any fees 

@ If they follow the law, licensed operators of nuclear power plants can be as 
sured of a supply of fuel for the period of their license 

@ In addition to the initial cost of fuel to the licensee, AEC will be able to 
charge for fuel that is consumed in a reactor. 

e The government will not be responsible for accidents resulting from: licen 
see's possession of fissionable material (apart from his use of it 

@ All sellers of Pu or | 


price Phe government will be permitted to enter into contracts for period 


to the government will receive the same ‘fair’ 


up to seven years 
@ ARC may distribute natural uranium and thorium “outside the United 
States” without clearing through the President and Congress 

@ Individuals and organizations are prevented from exploiting uranium de 
posits with knowledge gained from prior government affiliation 

@ In the distribution of radioisotopes, AEC shall seek to encourage research 
and deve lope ni 

© The Department of Defense may not engage in the primary production of 
fissionable material 

®@ AEC shall impose “minimum” regulations in administering medical and re 
search licenses 

@ Antitrust safeguards of the VleMahon Act are restored VEC must notity 
Attorney General and Federal Trade Commission prior to issuance of any Lic 
ense that might be inconsistent with antitrust laws. Decisions in such cases 
would be made by FV 


@ AEC may issue licenses for the manufacture and export of components for 


‘ subject to court appeal 


power reactors and research reactors, 

© ARC may not reject license applications because the licensee's activities 
would result in the production of fissionable material beyond the nation’s 
needs 

@ The Joint Committee on Atomic Energy may not waive its consideration of 
any proposed international agreement 

@ The President is specifically authorized to set up an “international atomic 
woul.” 

@ The Department of Defense may give other nations information on the ex 
ternal characteristics of atomic weapons 

@ A major change is requirement of compulsory licensing of patents on inven- 
tions of * primary importance” where such licensing is necessary to “elTectuate 
the policies and purposes” of the law. AEC and any authorized person may 
then use such licenses Phe owner of the original patent shall be entitled to a 
“reasonable royalty fee.” Compulsory licensing shall be in effect until Sept. 
1, 1959. 

@ A Patent Compensation Advisory Board shall be established. 

© The AEC General Advisory Committee shall initiate recommendations for 
granting awards for “especially meritorious contributions” in the atomic en- 
ergy field 

@ Jn issuing licenses for power reactors, AEC shall give “ preferred considera- 
tion to applications for such facilities which will be located in high-cost power 
areas.’ 

@ Revocation of licenses for false statements in applications is made more 
difficult. 

@ Penalty for inadvertent publication of restricted data has been dropped. 
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Sidelights 


National Lead operates AEC laboratory. The Winchester, Mass., raw 
materials development laboratory, operated by American Cyanamid Co. for 
AEC since 1951, is now managed by National Lead Co. — Principally concerned 
with processes for treatment of uranium-bearing ores in production of uranium 


concentrates, the laboratory was moved from Watertown, Mlass.. last vear 
& 


Argentina has 14 medical research centers. Use of radioisotopes in diag 
nosis and therapeutics is being studied at 9 of 14 research centers now active in 
Argentina. Principal problem is treatment of goiter, which is endemic in two 
of the country’s provinces Phe remaining 5 research units are carrying out 
biological research; 4 additional units will augment their activities shortly 
Beltsville producing radioactive fertilizer. One ton of P**-containing fet 
tilizer will be produ ed at the De partment of Agri ulture research station near 
Beltsville, Mad. this year (lost is estimated at $25,000; the fertilizer will be 
supplied without charge to qualified agricultural research workers 

@ 
Peaceful thermonuclear energy a “’certainty.”” | Australian nuclear phys 
icist Marcus Oliphant is quoted saying he is absolutely certain that energy 
from the hydrogen fusion reaction will be available in the near future. He sue 
gested in Auckland, that New Zealand, with its supply of heavy water, could 
be the first country to use this energy for peaceful purposes 

a 
Stockholders approve Dynamics-Convair merger. Consolidated Vultee 
Aircraft Corp. will operate as a division of General Dynamics Corp. as a result 
of their recent merger Dynami Electric Boat Division built the nuclear 
powered submarine Nautilus, ts building the Sea Wolf; Convair is studying 
nuclear propulsion for aircraft 

& 
Australian AEC gets research laboratories. Sydney has been selected as 
the site for recently authorized Australian Atomic Energy Commission special 
research laboratories Research in universities or elsewhere in Australia will 


not be duplic ited: technology of mur renergy will be studied 


General Electric expands research laboratory. New construction and 
equipment totaling about S13-million is being added to the General Electris 
Research Laboratory near Schenectady, N.Y \ 83.7-million metallurgy and 
ceramic laboratory is nearly finished Staff will be increased 50 by 1958 to 
500 scientists, 1000 service and administrative personnel 
= 

Cancer research applications due October Ll. Acting for the American 
Cancer Society, the Committee on Growth of the National Research Council is 
accepting applications for ¢ { ) r cancer research in the United States 
is are due October | 


Grants become effective July 1955; applicati 
* 
Radiography delineates Japanese art development. Ancient Buddha 
statues in Japanese temples were radiographed with Co™ recently to guide re 
pair of structural defect Pechni revealed casting position and meth 


ods, making it possible to dats ttues and establish sculptor’s name 


Course for medical radioisotope technicians.  K-C Scientific Instrument 
("o. is Sponsoring a Ne hool loot e Technology at 305 Culver Blvd 
Playa del Rey, Calif \ 12-week training course in isotope techniques for 


medical technicians will be 


Five courses in radiological health. The training program at the Robert 
A. Taft Sanitary Engineering Cent: 1676 Columbia Pkwy., Cincinnati, Ohi 

includes the following cours ind May 16-20 (1954), problems of 
radioactivity in waterwork n ind April 18-29 (1955), basic course 
in radiological health; Jan occupational radiation protection 
March 7-10, radiation hygiene and preventive medical ispects; May 2-13 
environmental radiation sanitation cours The Center is a division of the 


U.S. Publie Health Service 
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Mallory 1000 Metal Shield 


harnesses radiation from “hot” cobalt 


used in “on-off switch” for 
Picker Co® Telethe “apy U nit 


By utilizing the superior radioactive shielding char- 
acteristics of Mallory L000 Metal, the Picker X-Ray 
Company designed greater safety and flexibility into 
their Picker Co Teletherapy Unit. Used for treat- 
ment of cancer and other diseases. this unit gets its 
energy from radioactive cobalt. a few wafers of which 
have the power of 3-million volt x-ray. 


The cobalt 60 radiates continuously. To control its 
radiation for safe. flexible treatment. a special “switch” 
was designed ef Mallory 1000 Metal as shown here. 
Into the block goes a receptacle, also of Mallory L000, 
which holds the cobalt source. Effectively confined 
by its shield, radiation can come out only through a 
narrow hole in the receptacle. This compact assembly 
is mounted inside a lead ball. By rotating the 
Mallory LOOO shield, radiation can be allowed to 
come out through an aperture in the ball or can be 
“switched” off. 


Expect More... 
Get More from MALLorY 


Serving Industry with These Products: 
Electromechanical—Resistors * Switches © Television Tuners * Vibrators 
Electrochemical — Capacitors « Rectifiers * Mercury Batteries 


Metallurgical — Contacts * Special Metals and Ceramics * Welding Materials 


\ 
! 
' 


P. R. MALLORY & CO., Inc., 


Mallory 1000 Metal 
has many uses 


A high density, homogeneous alloy of 
tungsten. nickel and copper. Mallory 
1000 is fabricated by advanced Mallory 
powder metallurgy techniques. [t ts an 
ideal radiation shielding material... 
has up to 40°) greater absorption than 
lead. Furthermore, its extreme density, 
16.96 grams per ec.. provides an excel- 
lent material for balance weights and 
rotors where size must be restricted. 
It is high in tensile strength and is 
easily machined to a fine finish. 


We can save on your production costs 
by supplying Mallory 1000 in intricate 
shapes, made by our exclusive contour 
pressing technique, to reduce substan- 
tially your finish machining expense. 
Write today for Technical Bulletin on 
this versatile material. 


MALLORY 


INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 


Want more information? 
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in Power Reactor Work . eieai ak tees ie ht jae ecteell is producing exclu- 


Russian development 
power for industrial purposes 
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a Veal and possibly There 


This comment came fron 


= Ste meet Ng aeaine sen, 1200 Attend First Major U. S. International Nuclear 
aren Engineering Conference; Interest in Subject High 


tion Of Russia's first 5,000-k 


power plant. The state ; 
| idence of tremendous worldwide interest in all aspects ot nuclear 
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The first report gave ver deve opment Was brought out at Ann Arbor, Michigan in June at 
On 27th June 1954," the nl t] American Institute of Chemical Engineers’ International Congress on 


ment said, the atomic en ( ear Engi eering \ total of 1,200 scientists and engineers registered 
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culture ino the Hwhbor ( 1c] rife YT er held Dutel 
Capacity of the plant, Sl ! report ibject overed tnceluded 
is 5,000 kilowatts. f technology and 
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Trac erlab » 


eines ! 
AuTOSCALeER 


See are 


MORE VERSATILE THAN EVER... 
Tracerlab’s Famous -¥aloscaler 


Electronic Scale of 10,000 or 65,536 — Preset Count — 1 sec Resolution — 
Plug-In Scales of 10 or 16 — Automatic Timing — Regulated High Voltage 


Tracerlab’s famous Autoscaler has been imaginatively redesigned 
to provide many features not available in any commercial scaler. 
By utilizing various plug-in units, the Autoscaler may now be ob- 
tained in seven different models. It operates with four Deca- 
scales, but either three or four Scales-of-Sixteen may be sub- 
stituted. A mechanical register or a timer may be in- 
corporated in the scaler, and provision is made for 
the use of an external timer or printer. Thus, the Autoscaler 
can be used for preset count, preset time and 
manual operation. It also operates with the Automatic 
Sample Changer, the Automatic Flow Counter, 
and the Tracergraph. 


, 
Tracerlog No. 58, available on request, contains complete information. 
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LOS ANGELES @ PARIS @ CHICAGO @ CLEVELAND 130 HIGH ST.. BOSTON 
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$10-MILLION COST of experimental sodium-graphite power reactor will be 
shared by Atomic Energy Commission and North American Aviation, Inc. Terms 
of recently signed contract provide that company will assume up to $2.5-million 
of cost, also will operate plant for about two years. Target date for operation 
is 1957; reactor will produce 20 Mw heat, will not have electricity-generating 
equipment (NU, May ‘54, p. 72) 
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ah ~ ‘) i ah 
The t tu 


Appropriation Bill providing 


Funds 
Commission 


‘atlhy 


lor o 


perating 


te 


exceed Sd 
S152 


1954 2-mill 


equipment Independ 


was signed by the President or 1) 
the $1,209,S44,700 
ipproved for the ve 


$1,098 .962.000 


CISE Is Planning 
Italian Power Reactor 


()} 
ar star 


rnment unit, the Nati 
Nuclear Researcl 
plant and equi ned the job of planning the 
tor to CISE, 
financed by 


De 52 Pp 


Is lor 


! 
Om 


PeNses ; only STLOWSS2 400 
to capital increase in 
ment 


NI 


down 


Capital spending is ked nh nuclear rea 
Mar. ’54 p. 74 
ALC.winds up its « 


tnd is on \ pe , i I I 


NI IS 


program. Operating exy | be built near 


cost 1 Hon 


10 \Iw 


ever have increased with the l I ts ] ted SS-m 


f facilities. 


Operating funds OOO 


iT 
tit 


r physical research (t] 


proposed S38. 100.000 


| S$435.000 


ology and 


THe Line 


mecrease of tores 10-12 tons ot 


These figures are comp noderator and p 
Hlouse and Senate 

NU, May ’54, 

Plant ind equipment fur 

a 90-50 
Ho figure and a 
imiount While larger 


198.000 ALC requested, 4 
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COTMPrOMSse 
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low the $236,350,000 ; 
the previous veat 
the 


Hi 


The increase 


over 


nally voted by the 
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lants: 


CoOmMpron 


that 


to be 
CISk 


but 


nium from uranated ammonia 


suppled by private industry. 
ll build the 


issignmem|t 


probably Wl reactor, 


no dehnite nas been 


announced 


Ask 17 Foreign Leaders 
to Address NICB Meeting 


Official representatives of atomic en- 


foreign countries 
Third 
mic Energy 

The 


( ‘om- 


have 
il ¢ 


been asked to address the 


Annu 


in Indust: 


onterence on 
October 
meeting in the 
New York, N. ¥ 
National Indi 


L6O-session 


17-1 


ional atomic energ 
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tT internat 
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Oo progress 
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Cutting and shaping 


fragile crystals... 


...another way the electronics industry uses 


INDUSTRIAL “AJRBRAS/VE” UNIT 


The S.S.White “Airbrasive” Unit is 
Opening-up vast, new approaches in 
the development of improved elec- 
tronic components by providing a 
practical solution to many of the dif- 
ficult ““problem-jobs” encountered in 
producing these parts. Cutting spiral 
bands on film-type resistors, cutting 
germanium, accurately removing de- 
posited surface coatings, and drilling 
thin sections of glass and other 
hard, brittle materials are but a few 
of the difficult jobs now made prac- 
tical by this highly versatile, machine. 
For example, exasperating difficulties 
had been encountered in cutting and 
shaping crystals for X-ray and neutron 
diffraction work. Ordinary cutting 
and grinding operations were prone 
to cause fracture. One laboratory ap- 
plied the S.S.White ‘Airbrasive” Unit 
to this task and reported, “There is 
absolutely no other convenient way to 
do crystal-shaping for our work than 
by means of the Unit.” The crystals 
are first manually cut into sections of 


roughly correct size with the “Airbra- 
sive’ Unit. Then, as illustrated, the 
rough crystal is mounted on a stand- 
ard goniometer head and oriented op- 
tically or by X-ray. The goniometer 
head is placed on a small lathe, and 
the ‘Airbrasive” tool is mounted on a 
toolholder. Fragile materials have 
been successfully shaped into accurate 
cylinders with diameters to a fraction 
of a mm and lengths of 1.5 to 2 cm. 
S.S.White engineers will be glad to 
conduct tests on any of your parts and 
will advise you as to the suitability of 
the “Airbrasive” Unit for your needs. 


The Lirbrasive it d on 110 V, 60 
cycle Ax nt ty 


4 De UNE 


inert cylinder 


( 


WRITE FOR BULLETIN 5307 I: contains complete fact 


w the ‘‘Airbrasive 


fic Operations 


THE 
DENTAL MFG. CO. 





Unit operates and how it can be 


te 


Cae, ; 
Yotite INDUSTRIAL DIVISION 


Dept. 16 


NEW YORK 16, N. Y. 


Western District Office - Times Building, Long Beach, California 
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FOR 
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10 East 40th St. 
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Removing Deposited 

Surface Coatings 

TheS.S.White “Airbrasive” process pro- 
vides a low-cost method of producing de- 
posited carbon resistors. With the resistor 
mounted in a lathe, the ‘“Airbrasive”’ 
stream can be set to cut accurate spiral 
bands along the length of the resistor 
body. Many companies are using this 
method today on an automatic set-up. 


Cutting Germanium 

The problem of cutting into wafer-thin 
crystals of germanium and other erystal- 
line materials is greatly simplified by the 
*Airbrasive” process. The ‘‘Airbrasive” 
cutting action eliminates the shock, heat 
and vibration that are characteristic of 


other cutting methods. 


Technical Literature 

Several interesting articles on the use of 
the ‘“‘Airbrasive”’ te hnique are available 
in reprint form. 

Automatic Production Machine for Close- 
Printed Resistors by Jack 


Jayha, Emerson Radio and Phonograph 


Tole ranect 


Corp., describes a three-station “Auto- 
brader” for printed circuit production. 
Method for Cutting and Shaping Fragile 
Crystals by Ray Pepinsky, Dept. of 
Physics, Penna. State College, describes 
the process of preparing crystals for 
neutron diffraction studies. 
Write The S.S.White Industrial Division, 
Dept.16,10 East 40th Street, New York 16, 
New York. 
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VERSATILE 
REMOTE 
HANDLING 


A 


u 
} 


Ped’ 
ig 


A wide range of hazardous opera 
tions are performed safely with the 
new General Mills Remote Handling 
Manipulator. The 
usual strength (can 
weighing as much 
and superb control (picks 
without cracking them 


unit offers un 


handle objects 
as 750 pounds 


up egg 


‘ 
Continuously variable and 
speed controls are easily mastered 
and eliminate many of the 
tions found in  hand-powered_ or 


position-controlled mechanisms 


power 


restric 


WRITE TODAY for 
details on the Remote 
Manipulator. We'll be 
have a representative call if 
wish, 


complete 
Handling 
happy to 
you 


Mechanical Division 
General Mills Ine 


1620 Central Avenue N.E 
Minneapolis 13, Minn 


@ Industrial Instrumentation 
and Control 


es Specialized Pre¢ ision 
Computers 


@ Stratosphere Vehicles 





ry? 
SUPP 


treatment 
and 


se it t 
The new ore process lli- 
olves flotation om 1S 
research in the \us- 
\lines Department’s research 
Adelaide. 


Is dropped 


resulted I! 
South 
Ore crushed into 
into a tank 
-liquid. Pieces 
percentage 
» bottom 
luced in the 


the processil 


NEWSMAKERS 


Charles D. Luke James G. 
Beckerley 1) or of the Atomu 
Icnergy Commission's ilice of ¢ 


1O4 
L940. PD 


Arthur Roberts, 


Hel 
Robert E. Marshak, « 
Rocheste 
etu n Septeml 


turing in Europe 


Leonard |. Stanford Um 


Schiff, 
HESSO! has been 
Inte: 
Applied 
publ 
Book Co. G 
he editors} 


itor of the 
ure and 


OOK series. Is 


sidency of the 


P | 
CHNHSVIVaAN 


Sylvan S. Cromer is now 


ulsion (il 
rintendent 


Osak 


MEETINGS 


September 7-10: Nuclear Science in 
Engineering Education; Evanston, Ill. 
Od mnel discussed the pres- 


iucle 


13-15: Analytical Instru- 
ment Clinic; Philadelphia, Pa. (NI 
Ju a4, p. V6 


September 


October é, 7: 
neers’ Conference on Nuclear Science; 
Chicago, Ill. NU. M 54. p. 79 


Institute of Radio Engi- 


R 


October 6 8: Symposium on Applica- 
tions of Radioactivity; Boston, Mass. 


Boston LO, Mass 


November 3.5: Twelfth Annual Pitts- 
burgh Diffraction Conference; Mellon 
Institute, Pittsburgh, Pa. 


istrumentation and 


SeEsslOns WI 


methods 


ition Stat 


April 27-29, 1955: Conference on Nu- 
clear Engineering, Los Angeles, Calif. 
NU, Ju 4 


SO rigimal 


notice 


( te hh 
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HOW TO HIT A SUPERSONIC MISSILE 
in flight 











Oct 


guided missile comes winging towards our task force... at speeds 

» 20 miles a minute. What kind of computer can predict and compute 
essarv data fast enough to shoot down the missile... and be reliable 
ime? That was the problem posed to Ford Instrument Company engi- 

_and in cooperation with the Navy, they found the answer. Compact 
ment, housed in easy-to-service units... that stand at the front line of 
our defense. 

This is typical of the problems that Ford has been given by the Armed 
‘orces since 1915. For from the vast engineering and production facilities of 
the Ford Instrument Company come the mechanical, hydraulic, electro- 

cal, magnetic and electronic instruments that bring us our “tomorrows” 








Control problems of both Industry and the Military are Ford specialties. 





22 
You can see why a job with Ford Instrument offers young FORD INSTRUMENT COMPANY 
engineers a challenge. If you can qualify, there may be  ForD | 


a spot for you in automatic control development at Ford DIVISION OF THE SPERRY CORPORATION 


Write for brochure about products or job opportunities. 
State your preference. 31-10 Thomson Avenue, Long Island City 1, N. Y. 


_—_ 
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RODUCTS ano MATERIALS 


Manipulator 


Model S master-slave manipu 


fectively handles loads of 10 
any operation; up to 60 tbs ¢ 
dled in a straight lift with 
lifting hook. The sensiti 
lator mechanism permits tl 
to duplicate any manual 
the slave end from the n 
hind the barrier. A 
anism is used that enables the 
to bring the specimen up to the 
window without backing 
mechanism sutomatieat! 
slive end to the horizontal 
manipulator arm can be remy 
positioned, "The useful v 
fora parr of arms inside a ce} 
imately 5 ft deep and 8S 
table height of 40 in. 

It can reach a depth of S 
barrier wall at a working 

{ft nbove floor level \\ 
design radiation sourees 
kilocume range may. be 
safetv. Central Researel 


Tn Red Wing, Mino 


Pressure Syringe 


This shielded pressure s 
of delivering radionetive 
to 50 me, utilizes a stainless 


and glass barrel: () 


66 


piston prevents back leak 

tatchet device prevents the syringe 

from backing up while injecting under 
essure Into tumor masses Capacity 
the svringe is 5¢m*, Injection ma- 
uilation is one-handed, like a gun 
nge is said to have been leak-prool 

ler ZOO lb in Gun accommodates 
smaller than 26 gage 


Hospital Broad 
LW ) ork 4 \ ) 


High-Vacuum Valve 


1200 valve is designed for 
In the micron 

omitting the needle-point 
ill he obtained Hs giohe 
The stem-seal used with these 

in also be used on other lines 
iutomatie valves such as dia- 
ind evlinder types. Lssociated 

A engineering ('o 1150 W’. 


tle Rd.. Chicago 21, 1 


v 


Remote Control 


Ctivity 
in idequ ite 


Vicl 


und an- 
it detects beta particles but 


insensiti 


Alpha letector 


Closely) packed 


sensitive phosphor 


vered by poli 
Both detectors 
yainst an ultra 

ss to form a light-tig 
interchangeable w 


Vational Radia 


Radiochemicals 


bon-I4 
In stand 
TI Cse ii 


bonnate 


Cesium Beta Gage 
The BG-5 
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toa basic weight change of only 20 Ibs thracene crystal of the 
3,000 ft? of paper or thickness change NE201 has a counting 


a plastic film, such as pulse height of 75‘ 


ri 


stant of 2 &K 107% se 


ay be obtained with 
ng a variety of depths vided with an Meg@ reflector 
scanning mounts to pro- protected by a thin aluminum spin 
s-the-sheet weight profiles, 


Plastic phosphors are 
Lo High St.. Boston lV, 


variety of diameters ind 

P-7) 2 Soy SC They are composed of 91% carbon 

9% hydrogen and have a density of 
1.028 Compared with anthracene 
crystal of the same weight, NICOL has 
The model 161A sealer is designed for 90, counting rate, 50° \ 


Scaler 
© puls 
use with G-M. or scintillation counters and decay constant of 4 
The instrument is capable of counting Nuclear Enterprises Ltd., 175 
up to 120,000 epm with only 1°) coin- Highway, Winnipeg, Canada 
cidence loss. It is a complete unit re- 

quiring only a detector and timer. 

Unit utilizes scaling factor of 256, sta- 

hilized high-voltage Supply lor the de- 


tector and. six-digit registe! Vuclear 


istrument & ” il Corp... 229 W. 
Control Hood Instrument 
Erie St., Chicago | P-10) 
(i¢ No Len-13 control hood 


on from radioactive iso- 
alpha and beta ener- 
Pumma raves. In- 

the units permits Potentiometer 

ontrols such as rust con- : 
umidity and tempera- . as The model HF1 port mereerame 
ng inert gas or dust-free rs) 3 ter was designed for field and labora 
equipment employs a , tory use with a range of 0-100 my and 
' 


. “ue ‘ ‘ yf t a fe 
>to change of rela- : : has an aceuraey of 0.1 my plus 0.15 


2° Control . ‘ ee Phe total resistance of the measuring 


plastic material t <a slide-wire is 100 ohms and the sm 
tert and then come * ‘ ~ o division on the dial is O.1 m 
10° F Paul Len- : *% pea reOre Development ( - zi Van 
gen St.. Brooklyn 38. ie & W. Concord, Mass P-13 


P-s 


Expanded-Scale Voltmeter 
The model 101 a-c¢ voltmeter features 
both scale expansion wana recording 
over the 100-500 volt range and covers 
the range in 39 10-volt full-scale steps. 
True rms readings are obtained with 
accuracies better than 
input voltage; frequency response is 
. Emacs rr is uniform between 50 and 2.000 eyeles. 
¢ —— » Built-in recorder connections are pro- 
vided for recording line-voltage flue- 
Computing Differential tuations with a l-ma d-e recorder. Aa ne $ : eae 
Beckman Instruments, Inc., Arga Div., Phe Types B-9A and B-10A Inter 
South Pasadena, Calif. (P-11) valometers furnish: 2s-volt, d-e, 


3-ampere inductive pulse of 0.25-se 


Sequence Timer And Limiter 


lr} ferential was designed to me- 
cha vy add and subtract with high 


d operate over a wide en- oe duration at adjustable time intervals, 
range The unit weighs Scintillation Phosphors The time interval between pulses is 


oz, performs ina working — Liquid phosphors NE201 and plastie determined by the dial setting 


l and is 
diam., and has a break- phosphors NEIL are avail 


able for accurate to within 10 msec over a 
rating, at no load, of 0.01 scintillation counters. Theliquidphos- supply range of 24-29 volts, d-c. 


Instrument Co., 31-10 phors are supplied in ‘tiled, flat- Each model is provided with two 


Long Island City 1. bottomed. evlindrieal gl: in 


it interchangeable time-interval scales 
P-9 variety of sizes. Com “| with an- providing, in all, 4 ranges of 12, 24, 60 
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a Waterproof volt-olhm-microammeter, 
It is claimed that this multimeter can 


be immersed in water without affecting 


and 120 see in 0.1, 0.2, 0.5 a 
increments, respectively. The 

1Al count limiter may be used witl 
the Intervalometer as a pulse counter 


and limiter for stopping the Inter- 
; and electrical circuit elements. Phao- 


stron C'o 151 Pasadena Le. South 


ts accuracy. It is adaptable for a-c 


and d-¢ measurements of electronic 


valometer at the desired number o 
pulses, from 1 to 120, as set on its dial 
Two count limiters can be connected Pasadena, California. P-19) 
together to control 14,400 pulses 

Any number of units can be combined 

lor a vanety” of preset prog 

Abrams Instrument Corp Respirator Filter 


Shiawassee Sé.. Lansing Viel 
Phe Super Micro-Toxisol Respirator 


moves airborne radioactive matter 
other toxic dust, mist and fumes 
protects against spores, viruses, 
ria and fungi The filter is said 
protect industrial and laboratory 
rs against particles down to the 


ron size with 99.99, efficienc,s 


Respirator face pieces take two filters, Constant-Temperature Bath 
i total filtering area of 90 


( rim ol the lightweight- Phis constant-tempe ture Datl lol 


Inspissating work | ipplied with 


lum cartridge is made so as to in- 


sitive sealing against a rubber 


eight slainting rack ( CK having 
merican Optica of ten culture tul It has 
/ : 
construction Vi i Wate! 
maintaining hilorm tem- 


throughout nil suitable 


Geigerscope Computer Power Supply LO} mguintions at 60 4 SO? and 
” . ’ Hp f Working temperature range is 
— , Che tvpe ¢ d-c power supply Is a mag- 
Phe Geigerscope Was develo lo 1 : ; up to 
expensive elk test netically-regulated unit designed for 
- ‘Tis P Vist ever ol ! 1) " : - controlle - 4 me al sealer 
mputer work. The internal imped- "> ntroved | ealed 


LOO? ¢ Radiant- tvpe heat- 


raves The Specimens thermostat eo a 
| | ce is low and decreases with increas- sat aa = ing 

4 scintillation phosphor-con | na ean 

mad Trequency Dynamic regula- An ’ i rvs ! 


said to be better than 0.1% for 


to produce a series of light fla disturb- 
rrequency ol the flashing : : Chicago 
» ol a-c line voltage trom 95 


the amount of the Sper 
aetivity Ken Researel 
Kdae, N. J 


olts, and better than 0.1% for 
lenceyv variations trom 57 to 63 


0 it put-load Variations 


load, static 


Decade Resistance Box 


This decade 

in 27 models to « 

Lohm to TLIO meg 

neludes LO pres 

sistors made of : 

ible tempera 

racy Is ¢ ( me Vitter ’ 

Baits etnnion ‘ Volt-Ohm Microammeter 
S CTO DOSITI ] ‘ ‘ 

switches 


t.. Ne 
68 


The Winslo »., 9 ert I wodel PL 1004 Multim 
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2%. The 
input and output amplifier 


ntinuously variable delay line 


in ten from 0-0.05 


ranges 
to O-O.S psec Input impedance 
ohm shunted with 20 guf; out- 
npedance is 1 megohm shunted 
Both 
bandwidth 


maNXimMuMm 


amplifier stages 
10-volt 


level, 


1d Mul 
15-Me 


“pean 


and 
signal 
maintained within 
r calibration Advance Elec- 
Ine., 451 Mighland Ave., 
J (P-21 


Cun be 


4 
Ultrasonic Cleaner 


if HOO ultrasonic powel 


ven- 
s designed = for accelerating 

and degreasing small parts and 
objects, such as strip, wire and 
is well as complex components, 
by activating a cleaning 
focused 


th a low voltage 


ransducer. Installation in 
| vapor-degreasing systems 
from 


by long cables 


init. Branson Tnstruments, 


miford. Conn 


Miniature D-C Meters 
Thy r l min 


iture portable il-« 


the Weston 
self-shielding 
wvgnetic field of a 
15,0000 amperes 
Is sald to 
in indication 
oving coil em- 
ved perbormance 
to-weight 


h torque ratio. 


d calibrated; mirror and 
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instrument con- 


FIRST 


for Your 
LABORATORY 
This Free Book — 


Just off the Press — 
describes in detail 


the C3 EAL System 


FOR HANDLING H 


or remote control 


The Kewaunee “CBR TWOSOME 


Sales Offices in Principal Cities 


ard insert in this icsue. 


AZARDOUS MATERIALS 


Provides the utmost in 
SAFETY — CONVENIENCE 
and ECONOMY 


With the rapid strides being made to 
day in Chemistry, Biology and Radi 
ology, the safety keynote in modern 


Laboratory operation ts 


“CONCENTRATE- 
CONFINE”’ 


whether materials handled are in the 
field of Isotopes, Explosives, Solvents 
or toxic materials. Just a few minutes 
spent with this free new Kewaunce 
Book will show you how you can be 
sure your Laboratory will provide vital 
protection to personnel, as well as out 
standing flexibility and economy of 
operation 

Before you invest in any new Labo 
ratory Equipment, see how Kewaunee 
makes it easy for you to apply the mod 
ern approved system of standardized 
individual safety working enclosure 


The CBR System by Kewaunee 


vement in 
ahead 


with the latest and best in Laboratory 


marks another great achic 


our 50-year record of keeping 


Equipment. Get full details now 


SEND FOR 
“The CBR System by Kewaunee” 


Aheuntunee Mg. Co. 


J. A. Campbell, President 
5083 S. Center St ~ 


today 


Adrian, Michigan 





These portable models have a heat 


knife-edge pointers are 
removal capacity of 300-50,000 btu, hr. 


eliminate parallax erro! 


It ! . yy Conrad, Inc., Holland, Mich. P-28 


supplied ina variety o 
and multirange voltmetet 
ind ‘ t-nmmeters Ws 
Instrument Corp.. O14 
liv Vewark 5, N. J 


Miniature Generator 


pe 44A generator, recommended 
trument indicating and similar Plug-In Attenuators 


rated lor continuous oy : 
Phe 690 series of plug-in attenuation 
uutput frequen of 20 ‘ 

am networt ave L poluiw-ini pore is1on tor 
maximum of 56% - : 5 
wijusting Input and output imped- 


Phe ! available in) TO or 
it develops 55 Volts ol 
need ‘ 110 


trange ol 


High Voltage Supply — ae © 
The model 515 high volts Dl : . if 1500) rpm Inte 
delivers 500-1,500 volts, d- inlins rey 20k shane lal series, 
rents of 2 ma up to 1,000) v wl niin . 1356 Clay St Simin ysteps on 
1 ma above 1,000) volts; 

positive or negative Stub NOMIMAUET 

Trequene 


to be O.OLS drift over ser 
ind less than 0.02) day. Regulation — Infrared Lamp 
claimed to be better 


) 
fesist 


tCCUPine 
line voltage hucent quartz infrared wall 
ind 140 olt in two sizes, 500 and 
Output ripple O00 watts, for 115 and 230-volt sup- 
Instrument ¢ spectivel The lamps de- 
energy concentrations (100 
| ted in a tube eneth 
idiation without 
suppl) 
1 radhition 
mperatures 
‘he lamps | 
min 0.000 hi 
Vela Parl 


Compressors 


Trice de Is OND ihe Sov) are de- 
] ) 
ipplications requiring con- 


ressures O dand 200 Ib 2 
Micro Stopcocks Environmental Chambers Sears tig — lk ale 
These stopeocks — wet | ! Se] f portable environmental pressures up to 3050 
huero operation | Ps (Quine , 
Variety ot shapes P-20) 
more compact, reduce dead ) iy , , 195 . 120) 
i 


prove i] ranee recorder 


on Power Resistors 
cision ground and ( wre . se] j ilso) available 


hole drilled throug! liquid ia | ! i > pes PW-7 ana PW-10 high- 


hore lI i : : \ port from ‘iperatu esistors are designed tor 


10 watts or less. 


, and - mm 
chen a Spe ialties Co 
f Berkeley C'alit , t nv sp fie " re ments ire unllormiy and 
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tightly wound on glass fiber cores with 
axial leads. These element-lead as- 
semblies are sealed into a ceramic case 
with an IRC cement to provide 
mechanical protective bond. Type 
PW-7 is available from 0.51 to 5,100 
ohms, and type PW-10 from 1 to 
8,200 ohms, both providing +5% and 

106% tolerances. International Re- 
sistance Co.. 401 N. Broad St., Phila- 


delphia 8, Pa (P-31) 


del C-6 resistance meter, by 

Ft quick-charge switch and 

idjust control, can preset an 

le value of leakage resistance 
meter and determine imme- 
whether or not the capacitor 
meets the requirement Kither 50 
500 volts, d-e, may be used in 
resistance in the megohm 

The 500-volt test meets the 

d MIL specifications for insula- 
testing, while the 50 volts is avail- 
testing capacitor leakage. 

» from zero ohms to 10 million 

is covered in ten decade 
ceuracy is 38% of full-scale 
Southwestern Industrial 

Co., 2831 Post Oak Rd 


Ae) Ts ras. | (P-32 


Colloid Mill 
The TV 45 Ultra-Turrax colloid mill 


ised to make suspensions, stable 
ns and colloidal solutions. 
eney of the mill is due to the 
iction ot high-frequency shock 

mict effects as well as the cavi- 
roduced in the supersonic fre- 
inge by the simultaneous 

f high-frequeney hydrodynamic 
gradients and effective turbu- 
urring inside the vortex 
the colloid mill itself. 

= in the order of a fraction 
According to depth of 

up to 25 em), the instru- 
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~ The Berkeley 


1c 
yMAT 
pEC Scaler, Model 2020 


Check These Important Features 
of Today’s Most Versatile Scaler! 


1. INPUT AMPLIFIERS of separate subchassis construction provide input sensitivities 
of (1) 0.2 volt, or (2) 1 millivole. 


2. AMPLIFIERS are long-tailed pair non-overloading type. 
3. CALIBRATED 10-TURN DISCRIMINATOR CONTROL from + 5 to + 50 volts. 
4, input sevector for 60-cycle test, G-M or amplifier with nine-step attenuator. 


5. STABLE 60-CYCLE 500 to 3,000 HV SUPPLY with coarse and fine controls, HV 
meter with antiparallax mirror. (5,000 v. on special order). 


6. ELECTRICAL RESET OF REGISTER, TIMER AND CIRCUITS with single-lever switch; 
provisions for remote start, stop and reset. 


7. PRESET TIME: 0.1, 1, 10, and 100 minutes X1, X2 and X4. 
8. PRESET COUNT: 100, 1,000, 10,000, 100,000 or 1,000,000 counts X1, X2 and X4. 
9. DIRECT-READING DECIMAL COUNT. 


10. MODULAR CONSTRUCTION FOR COMPLETE FLEXIBILITY... amplifiers and regis- 
ter-timer assemblies are of separate subchassis construction; may be ordered 


in several combinations to meet special requirements. 


Write today for literature and complete technical data; 
please address Dept. E-8 





Berkeley 


BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE., RICHMOND, CALIF. 
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® 


For 


“HOT SPOT” 


Remote Observation 


A custom designed industrial periscope 
is very often the answer to “Hot Spot” 
remote control handling, instrumenta- 
tion and observation. We have designed 
and manufactured many such peri- 
scopes. 


If you have a problem calling for a 
periscope or for any precision optical 
system, check with us. For nearly half a 
century Kollmorgen has designed, de- 
veloped and manufactured precision 
optical products including Industrial and 
Naval Periscopes, Fire Control Devices, 
Projection Lenses and Navigational In- 
struments for Industry and for the Armed 
Services. 


Send for Bulletin 301 


CORPORATION 


Plant: 347 King Street, Northampton, Mass. 
New York Office: 
30 Church Street, New York 7, New York 
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Wo 


nt more 


ment operates with or without the 
froth; baffles 
not required because no “funnels” are 
Vortex 


Chemical 


formation ol wiuive are 


chamber has 45-mm 
Products Dir 

Inc., 535 Fifth 
ron i7, N.Y. P-33 


formed 
di Line ter 
("ar 


lie 


trite International 


Veu 


Solenoid Valve 


Sulletin S345 valves are designed 


controlling small double-acting 
vlinders not larger than 4 in. in diam- 
They 


ht oil, 


are used for air, water, 


and noncorrosive and 


GASes 
The valves are available for 


d-c, 


Permissible pressure range 


liquids 
115 


operation 


volts, a-e and 230 volts, a-c, 
is 10-125 |b for a-e and up to 50 Ib for 
d-c operation. Solenoids are available 
is standard, watertight and explosion- 
prool Units operate at temperatures 
up Automatic Switch Co., 


Ora 


Pulse Generator 


The type 1217-A pulse de- 


adjustable pulse 


generator 
ers continuously 
durations from 0.2 to 60,000 psee and 
the type 1203-A power 

A self-contained 
the output at 12 


powe red bv 


ator 


fixed tre- 
to 100) ke 


from 30. cycles 


C1leSs 


time is said to be less than 


rine 


0.05 use ind the fall time about 0.15 


Use’ output voltage Is 


Open-ceircuit 
20 volts for pulses of either polarity; 
nternal output impedance is about 200 
the 


respectively. 


ind 1,500 ohms for positive ana 


“y ve pulses 


tl Radio Co., 275 Massachusetts 


dae ) Mass 


formation? Use post card insert in this issue 


Cathode-Ray Oscillograph 


The type 323 cathode-ray oscillograph 


measurements of time 
the 


lol 


3 
is designed 


ove! range ol 


The 


down 


and amplitude 
general Iaboratory applications. 
10-Me ° 


amplifier 


direct coupled, db 


vertical enables display of 


very-low-lrequency phenomena and 


high-speed pulses, together with then 
l-« 
brated by 


recalibr ition Is accomplished with an 


level. Sweeps are directly cali- 


means of a front-panel dial; 


supplied time standard by 
The 


range is | sec to 0.1 psec per inch: any 


internally 


adjusting one control. sweep 
2-in. portion of the 4-in. trace can be 
Allen B. Dumont Labora- 
400 Bloomfield 1re., Clifton, 


P-36 


expanded, 
Tn 


tories 


ae 


Microphotometer 


The co 
photome ter Is 


nsole model Compar itor-Micro- 
designed desk- 


foot 


ais it 


ht cabinet with control for 


ind left-hand positioning — of 


the right 


panel switches to free hand 
aking notes and plate marking, 
deflection 


0.7 


Sensitivil vields full-scale 
slit size of | 


better. 


tor etlective micron 
‘ 


Reproducibil- 
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while speed Is 

t lines min or 

ht does not exceed 

s held within 3%. 
. projected onto 
insiucent screen at 
d spectrum 1s 
during the scanning 
(0 Vewtonville, 


P-37 


Demineralizer 


Phe 5 1)- pressure  demin- 
under 5- to 25- 

it it can be piped 

nt Demineralizer 

connects to any 

i nonregenerative 

! replaceable resin 

it or cooling water Is 

Sf & Sterilizer 
Forest’ Hills, 


1(P-38 


. 


2 | 

e 

| 

—— | 


Optical Pyrometer 


t il pvrometer can meas- 


tures over 700° C and tar- 
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When the job 
demands precision 


imenisional accuracy 


—and MYCALEX offers 


OUTSTANDING 
SUPERIORITY 
in almost every 
other category! 
© IMMUNITY TO 
REPEATED ARCING 
e PERMANENT DIMEN- 
SIONAL STABILITY 
e VERY LOW LOSS 
FACTOR 
® EXCELLENT DI- 
ELECTRIC STRENGTH 
© ZERO MOISTURE 
ABSORPTION 
® UNLIMITED DESIGN 
FLEXIBILITY 


THE INSULATOR 


- there’s no substitute 


for MYCALEX’ 
glass-bonded mica 
insulation 


The coil form shown in this RCA-Victor 
olgcleyiolamiola are) MI Mall -veilelamiilel(e.-te Mei 
MYCALEX 410 glass-bonded mica insula- 
irelaMan Mal-M eel] Pike) ol-Ieelicle Mel meleyelce) diulehi-1hy 
1000 rpm, is subject to high start and stop 
tresses. The winding contacts a traveling 
oleae late Me) oX-1cel(-t Me lmall Lal olehi-ialilelmelale 
high frequency. MYCALEX was selected 
folamiaimele)olileetilolaMeli-lanaele-1i0 m=) 7el\tor 
irolaMan Aste Cie Tule Mell lariiolalelmelaalaclap 
able with MYCALEX glass-bonded 

the unique ceramoplastic — insures 

t contacting and at the same time 
rinates balance problems. High 
ul-lakiielalel Mela ’lgela mellioMolilelse( Melelior 
ute uniformity of parts, facilitating as- 
replacement. The excellent 

operties of MYCALEX insure 


t electrical performance 


Note: MYCALEX 410 
foRRoR SE Saslolalel-teMuliae, 
described above, is 
an exclusive formula 
tion of, and manufac 
tured only by, the 
Mycalex Corporation 
of America. It meets 
all the requirements 
for Grade 1-4B under 
Joint Army-Navy Spe- 
cifications JAN-1-10 


For similar economical 
solutions to your problems 
phone or write J. H. DuBois 
ce President-Fngineering oat 





fton, N address below 


MY CALEX CORPORATION OF AMERICA 


World's largest manufacturer of glass-bonded mica products 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 


ADDRESS INQUIRIES TO— 


General Offices and Plant: 118 Folie Blvd., Clifton, N. J. 
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Just Published! 
INTRODUCTION 
TO NUCLEAR 
ENGINEERING 


Gives an understanding of the unique 
engineering problems encountered in 
the nuclear energy field. Includes 
nuclear fission, the nuclear chain re 
actor, reactor theory, radiation shield- 
ing, reactor materials, and reactor control 
Also covers separation of stable isotopes 

chemical processing of ra 
ee dio-active material re- 
mote handling 
Goes into special enginec 
ing problems Include 
numerous examples By 
Richard Stephenson, Con- 
sulting Engineer. 387 pp., 
135 illus., $8.00 





equipment 








Just Published! 
THE 
ACTINIDE 
ELEMENTS 


A comprehensive treatment of the ac- 
tinide elements—their comparative 
chemistry, crystallography, oxidation- 
reduction behavior, and nuclear 


tematics. Provides detailed discussions 
of all the heaviest elements 
to the recently discovered 
elements. Includes historical 
work on plutonium and other 
elements. Edited by Glenn T. 
fessor of Chemistry and Director of Nuclear 
Chem. Researc niv. of California, and 
Joseph J. Katz, Senior Chem- 

ist, Argonne National Labora- 


SyS- 


from actinium 
trans-plutonium 

i of early 
trans-uranium 
Seaborg, Pro- 


recorc 





tories, 870 pp., 153 illus., 147 
tables, $11.75 








Just Published! 


PHYSICS AND 
APPLICATION 

OF SECONDARY 
ELECTRON EMISSION 


Analyzes the phenomenon of sec- 
ondary electron emission by splitting 
the process up into a number of ele- 
mentary processes, each treated in de- 
tail and illustrated with experimental 
matter, Applications in electronic de 

vices are considered under three head- 
ings-electron multiplication, elimination of 
secondary emission and modern storage de 

By H. Bruining, Philips Research I i 


oratories, Eindhoven, Netherlands. 178 pp., 
$5.50 


vices 











"SEE THESE BOOKS 10 DAYS FREE" 


McGraw-Hill Book Co., Inc 
Dept. NU-8 
330 W. 42nd St 
New York ste 36, N.Y 
Send me 
below fy 
ination « 
days I will rem 
keep, plus few 
unwanted book(s) 
delivery if you 


! 
| McGRAW-HILL 
I 
| delivery, and return 
paid. (We pay for 
| this coupon——same return privilese 
| Stephenson—Intro 
Seaborg & Katz 
| $11.75 
Bruining—Physics 
| Electron Emission 
(Print) 
| Name 


Address 


| City 
| Ce 
I 


,osItLON 


The Actinide 


Elements 


and Application of 
$5.50 


Sec 


mmpany 


to Nuclear Eng $ I 1 


This offer r_applies in in U.s s only | 
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than diameter. 


less 


rets 
By me: 


foeal 


O.001 in. in 


ins of supplementary lenses, 


distances can vary from 5 in. to 
infinit 
floor-tv pe 


opti 


\lountings on table-top and 
The 


system includes a microscope- 


tripods are available. 


tvpe ocular providing a 20-power mag- 
Puyromete r Instrume nt C'o. 
Berge nheld \ a. (P-39 


niheation 


Tn 


Solution Balance 


leavy-duty solution balance, for 


iboratory weighing of solutions, 
etc., 
The 
In metric, avoirdupois or both 
Ohaus Seale Corp., 
dve., Union, N. J. P-40 


pe W- 


rains, animals, has an |1-in. 


platform. balance is 


standards, 1050 


(Commerce 


Water Hardness Test 
The 


tests of 


field 
gal 


minute ol 


Speedy-Kit is said to enable 
water hardness to one grain 
17.1 parts 


testing 


million) in one 
This _ kit, 


the Schwarzenbach method of testing 


time. based on 


water, is comprised of two bottles with 
Vial. 
100 tests. 
Bor 13846, 

(P-41 


evedroppe tops and one glass 


Reagents are sufficient for 50 


Ine. 
Pittsburgh 35 


Calgon or Llagan Corp., 


Pa. 


napa Power Supply 


Yuostat power supply ides 


stant constant- 


nt-current and 


operation Powered by i 


volt fee source, supply Is 


ring currents of 5-50 
volt- 


»within +2 at 


from 100 to 500 


Volts. 


nstant-voitage mode of opera- 


Use post card insert in this issue 


tion, the unit is self-regulated to within 

1“; from 160 to 500 volts, over a load 
range of 0-50 ma. Output is relatively 
unaffected by line voltage changes be- 
105 and 12 Specialize d 
Instruments O'’Ne Ave., 


Belmont, Ca if P-42) 


tween 5 volts 


( ‘orp., 668 


Noninductive Resistors 


This line of K-F 


available in values of 


precision resistors is 
0.1 ohm to 1 
accuracies of 1, 0.5 and 


Wound noninductively on non- 


megohm with 
O.1% 
and im- 


hygroscopic bobbins 


| eeranue 
pregnated 
these 
and a ten 


0.000025 


IO! moisture 
exhibit 
iperature 
ohms o 


supplied rang 


protection, 


units low thermal emf 


coe the 
Nine 


powel Cu 


ent ol 
sizes) are 
mg gn 
witt. 


pability 
Values under SOO 
Manganin 
ohms, in | 


ent C'o.. ION 


Calif. 


from !, to | 


ohms are wound with wire 


values over SOO inohm., 


A-F Deve 
Re dwood City 


( ” 
pp 


ring Sf 


P-43 


D-C Amplifier 
The ty pe 2HLA-3 d-c 


lor minute 


indicating ampli- 
and currents, 


2 xX TC 


fier, voltages 


signals as low 


Ine 


watt. Tl 


*USUTES 
sec- 


nplifier 


ond-harmonie magnetic nverter as 
e to change d-e signals to a-c, 
the 


Unit 


Input stag 


eliminating need for mechanica 


choppers has linest mplifica- 


tion + | 
drift. of 


on all seales and long- 
than 10 uv. Fre- 


Is flat from zero to 20 


term less 
quency response 


eps and gain is independent of 


105 to 1 volts 


line 
Variations trom 


Power output can drive most record- 


Doelean 
Field Rd.. Boston 35, 


ducers 


P-44) 


Corp., ] 4 
Va 


Power Supply 


yatron series powel 
le ad-c¢ 


regulated power supply 


voltage 


voltage source with small 


1)-c 


nodu- 


lation. supply voltage is 0-600 
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ts, adjustable with a ten-turn po- 
tentiometer calibrated within 0.25%. 
The currents available with this series 
are 0-600 ma or 0-1,000 ma. Regula- 
vithin 0.05 ¢ Os Klectronic Meas- 

Lewis St. and Maple 

P-45 


Water Flow Control 


The Mesurflo control automatically 
pensates for surges in line pressure 
tains a set flow rate. Water- 

ntrol is preset to deliver one 

rate between 0.2 and 14 gal 

is 10°, within the range 

in Flow controls are 

s- and %4-in. pipe 

S16 W. 12th 

P-46 


A-C Voltage Standard 


lr} model VRS-ACIO tubeless a-c 
standard was designed for di- 

(Ing and ealibrating ol vac- 
voltmeters and for indirect 

f power meters. The instru- 

i range from 1 mv to 10 volts 

in three steps, with an accuracy within 
0.25%. The unit is recommended 
in output loading of 1 megohm or 
output may be short-circuited 

ut damaging the instrument. 
rensen & Co., Inc., 375 Fairfield Ave., 

1 Conn, P-47) 


Refrigerant 


Freon-13 monochlorotrifluorometh- 
ne is a nonflammable and nonexplo- 
gerant designed for systems 

r temperatures in the range of 

150° FP. Immediate appli- 

in metal treat ment, chemical 

rand testing work. Freon-13 

| to compact, economical 


pe COMpressors, and Is 
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The illustration sh 


Counter in use with an bh $30 Automatic Scaler. 


EXGO type N550 
SCINTILLATION COUNTER 


A new instrument, based on the design of the previous highly 
successful Ekco scintillation counters and incorporating a number of 
new features, the N§550 is designed for the Gamma assay of 
radioactive materials of extremely low activity in either liquid or 
powder form. With a background of §0 c.p.m. the counting rate 

per microcurie of Iodine 131 is at least 120,000 c.p.m. In conjunction 
with a normal Scaler it forms a complete counting 


equipment of great sensitivity and long-term stability. 


Ekco Electronics have developed a wide range of equipment for specialized 
and general applications, including: Radiation Monitors, Dekatron Scalers and 
Registers, Vibrating Reed Electrometers, Linear Amplifiers and complete Counting 


Equipments; G.M. Tubes, Lead Shielding Castles and Accessories; Thickness Gauges 


Write for details of these equipments to: 


EKGO 


ELECTRONICS LTD. 


(EB) EKC O WORKS, SOUTHEND-ON-SEA, ESSEX, ENGLAND 


U.S. Sales & Service 

AMERICAN TRADAIR COR®., CHRYSLER BUILDING, 405 LEXINGTON AVE., NEW YORK, I7 WNLY, 
Canad Sales & Service 

CANADIAN AVIATION ELECTRONICS LTL 6214 COTE DE LIESSE ROAL MONTREAL QUEBEC 
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ere e with metals and othe while maintaining constant volume and 
For the low cost... conventional retrigeration components uniform air flow Approximately io 
B t dependable. oe } / ad Pont (le Vemours & Co 95°, of the dust is removed DY ( vcelonie 


eS 


b] Wilmington, De P-48 action, while the remaining particles 
IOSSIVLE 

KELEKET re talon out through 9 serien of cloth 
personnel hiter tubes Reverse air jet cleans 


radiation CHARGE- 
protection READER 







dust off these tubes and deposits it in 
lust contaie Units range in capuac- 
itv from 400 ft® min to 5,000 ft*®, min 
All units are approximately $ ft in 
diamete ind require 11-15 ft head- 
room Torit Vfg. Co., 21 Walnut St, 
St. Pa > Vinn 5] 





K-430A 
Niet integrator 











- I Ld tegrat f 
[his easy-to-operate waterproof sec ntascsecha te — ciaeicecce se 
voltage and Ight source with totalizing, rate determination, ailfer- 
Keleket Pocket Chambers ves ent inalyzers, or as a closed-loop 
adequate protection against radia- | , 
nie nical ser element r precislol 
tion exposure dangers. Any nun 
ber of Pocket Chambers can_ be i Dle-speed drive {permanent 
charged and read on it Ran ( ibrication device is said to increase 
0 to 200 mr. S1 6! x 1%’ x ; 
th ' ransistor rv r r 
Also. can be used to charge Kele ij ( Sf., Glendale, Calif 1-49) - - . ° — 
ket Dosimeters his transistor curve tracer is a com- 
Write for FREE Bulletin! ' 
pletely itomatic instrument capable 
KELEKET Instrument Division of measuring all types of transistors 
266-8 W. Fourth St ; \leasurements are made by displaying 
Covington, Ky. 
the entire family of curves on a ¢ath- 





ode-ray tube and are said to be accu- 
rate to within 3%, independent. of 
ope drift or calibration Vagnetic 
Amplifiers, Inc., 632 Tinton Ave Veu 
York 55, N. } 52 


aelabalaie lee is 
lars! 


permanent 


record The model 564 preset interval gen- 
¢ of erator gene! ites and measures time in- 


te iis ind delavs from 1 psec to 1 sec 
personnel {As generator, desired interval or dela 
selected by means of six 1LO0-position 


exposure TO “ tches, one for each digit of the delay 


To measure a time interval 








X-rays and 


trument counts pulses produced 


MCI eMeleame bye 1-Me_ temperature-controlled 


stal oscillator Neon lamps give 
git eadings directly nh psec 
Resetting is manual or automatic; witl 
itomatie* resetting, imstrument re- 





{to produce trains OL Pulses 


new and eg lin ihe gel nga et | f 
finer Will Rd., Great Neck, N.Y P-50 i 


; a 


Combined-Speed Dissolver 
Self-Cleaning Air Filter This duplex-drive dissolver, designed 


rhe ( o-Filter is an automatic, self- for difficult solution, dispersion or sus- 


Write tor details cleaning dust collectol Designed for pension problems — the speed 


rk, it handles quantities ot the trafast dissolver with slow- 


R. A. LANDAUER RR. & CO. ie t pyran including abrasive speed saidintvee agitation, Drive 


P.O. BOX 102 PARK FOREST, ILL 1 Shri materials for long periods, shaft of the high-speed unit runs 
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ollow, slow-speed drive; 
ittachment can be designed 
the tank or as an 
either 


he sides of 
in it direction. 
gitutor can also be 
itch under gentle agi- 
ration with the ultra- 

e Waiting lor future use. 
available in 
Cowles Co.., 


-/- | 


00-1 .000 


Germanium Diode 
| s ( 


K739 and ¢ the first 


bonded 


K742 are 
new line of 
having a high ratio 
resistance, a char- 


fon computer use, 


characterized — by 
less 
of 
negative voltages 
the ChK742, 
CK739. 
Chapel St 


10 ohms Ol 


esistances of 


t ind back resistances 
gohms at 

olts for 
the Ray- 
Vewton 


54) 





int stream infrared 


lol independent and 


inalvsis of two com- 


complex gus stream, utl- 


iding detectors sensitized to 
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Want more information 


target 
tomorrow 


\s a major development in its pace-setting program of 
advance planning, the Martin Aircraft Company ts now 
in the field of nuclear power, 

Phis means that a top team of scientists, physicists and 
eneincers is about to be assembled at Martin to carry on 
a planned, long-range program im this tremendous new 
scicnce, 


Never before in our industry has there been such an 


opportunity for a select group of qualified people 


They will be the nucleus of a undertaking 


Mayor in 


the horizonless science of atomic 


energy. 


Write to J. M. Hollyday, Department N-8, The Glenn 


Martin Company. 


SSS: <2 
MVE ZA FET Ee © 


BALTIMORE -MARYLANO 
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where a leak the different guses and one amplifier. 


Results are presented on any stand- 


ard multipoint potentiometer recorder. 


means a loss— 








Printing speeds as fast as 6 see may be 
used. Explosion-proof pickup and re- 
mote recorder controls are available 


Kither automatic or manual standard- 


izing accessories are available Liston- 
Becker Instrument Co Tne Spring- 
dale, Conn. P-55 


Designed especially for highly 
corrosive applications, high 
vacuum work and mass spectrometry, 
this 440 Series of small bellow 
valves provides maximum safety. 
Tests prove them capable of with- 
standing more than 100,000 
cycles, at low pressure, in non- 
corrosive service; leakage rate 
across seat and into valve 
less than .001 micron CFH. 


1/8” to 1/2”, with 1/4” and 1/2” 





Valve body, 316 stainless steel: Swagelok tube ends. On special 

long-life, inert arc-welded order, available in 1/8” and 

bellows assembly, 18-8 stainless 1/4” with air operated motor. Indicating Meter-Relays 

steel. Teflon seat and gasket 

are replaceable. Back-seating design The models 255 and 355 contact meter- 


W : 
rite for complete information relavs, which are ruggedized and sealed 


HOKE INCORPORATED units, comply with government specifi- 




















Fluid Control Specialists cacions for both indicating meters and 
233 S. DEAN STREET, ENGLEWOOD, N.J relays. The units are D’Arsonval in- 
struments made in the usual a-c and 
d-c¢ ranges. These meter-relavs utilize a 
Penree platinum-iridium contacts that are 
claimed to be able to make and break 4 
SCOPE DOLLY MODEL 1 15,000,000 times betore apt out. 
These contacts are normally used at 
® Convenient Height and ® Lightweight Aluminum | 5-25 ma. d-c. at 75-125 volts The 
Viewing Angle Construction | 
contacts can be made to close at the , 
® Adjustable to Hold Port- 5 peeing sedeny a ua : upper limit, lower limit or both, and 
able Scopes $ 50 l ean be supplied fixed or adjustable. 
® Bal! Bearing Swivel Rub- 38. | Assembly Products, Inc., Box 191 
ber Tired Casters F. O. B. Louisville, Ky. Chagrin Falls. Ohio. P-56 
ICE CORP. | 
TECHNICAL SERV C * | Microvolt Generator 
1404 West Market Street Louisville 3, Kentucky er — 
Bidet tality conn pally sR RES AA This generator delivers d-c and 60- 
cycle a-c voltages from 1 uv to 1 volt : 
with a self-contained supply. An 
audio generator can be used to obtain 
RA Oo V i N G 5 lrequencies other than 60 eveles. A 
* constant 90-ohm input impedance 
. e attenuator, made up of 1° com- 
If you are moving (or have moved), tell us about it, won't . . a4 “a t the I-volt in 
i e POHEHIOS, IS USset O a0) US cS i°vU ~ 
you? Your copies of NUCLEONICS will not follow you un- put to the required value. Output is 
less we have your new address immediately. Make sure isolated from ground and unit is com- 
you don’t miss a single important issue . . . and help us pletely shielded. Scientific Specialties fi 
make the correction as speedily as possible by giving us Corp., Boston 35, Mass 7 
your old address, too x 
Correction 
NUCLEONICS ise avila Waele ty. Bs 
Circulation Dept model AG B-LO-SR beta-gamma survey 
330 W. 42nd St., New York 36, N. Y. instru <8 ee een scribed 
in the June issue to | ‘ tranve oft 
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The cCor- 


< 0.01 mr hr to 10.000 r hr. 


to 10.000 mr. ti 


INDUSTRY NOTES 
PR. S. Landauer, Jr. & Co., 11S Nunti 


‘. I I t, J provides a per- 
ng system for exposure 
ndustrial X-ray equip- 
a y-emitting isotopes. 

ve covers 30-key to 
ravs ind B-ravs above 
titative coverage Is pro- 


0.05 500 r of | iv “energy and 
radiation 


I-pucket in- 


replacement, 


P Universal Winding Co., Providence 
R. | - naequired the business and 
son, Moos and Co 

is been active in nu 

id ordnance 

sion of Uni- 

continue Oopera- 


| NDress Way 


plant same 


P National Cash Register Co., 3348 W. 
Il Seg B Hawthorne 

of Calitornia to 

, vhol owned 

n NCR division, it 

computers 

in addition to 


computers 


LITERATURE AVAILABLE 


Production control spectrograph. Lit- 
t scribes production control 
ocdel MS-2. Seventific 

Boston 35, Mass 
-1) 


Computers. Brochure illustrates com- 
ite nd plug-in components. — Servo- 


Westhury Dir ‘. Post & 
Westhury, N . I> 


Gage 


and valve combinations. [Data 
2Zos shows variety of connections 
vaAges and valves Jer- 


& Valve Co.. 


Vass 


SO Fellsway, 


Constant temperature baths. Bul- 
et N H66 s] ws dual-purpose baths 


erie I itilitv and serological use. 
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MICHIGAN CHEMICAL CORPORATION 


Dept. 201—Red Wing, Minnesota 


FOR 
VIEWING 
WINDOWS 


Zinc Bromide in optical grade solution has been demon 
strated to be an effective answer to the problem of shielding 
viewing windows. Michigan Chemical Corporation, for 
twenty years a quality producer of chemicals, offers a prompt 
supply of this compound. Michigan Chemical Zinc Bromide 
now in use has proved satisfactory, and complies with all 


AEC specifications 


Write us for further information, 
and a reprint of an article from 
NUCLEONICS entitled, “Design 
and Construction of Shielding 


Windows”. 





Saint Lovis, Michigon 


master-slave manipulators 


handle dangerous materials 
with a gentle touch 


Master-S! \ 
Research Laboratori 
explosives and dat 
through protectis ! ip g tongs 
Master-Slave unit lift, tw urn and materials easily 
and accurat \ m re} luce movements 
of thumbs and forefingers of perator’s hand 
The unusual “sense of feel” mtrols almost eliminates 


overcomes friction and moves 

| direction. Up and down motions 
require forces a mall as 5 ounces to overcome friction. 
Master handles are easily adjustable to fit all hand 
sizes. If operatior repetitive, special tongs 
can be supplied to increase speed and ease of 
handling. Special slave ends can be supplied to 
increase the mechanical advantage of the 
grasping or holding action. 

Developed from basic designs of the Remote 
Control Engineering Division at Argonne National 
Laboratory, all components are precision made 
from finest materials for dependable performance. 


Conte Kise. 


laboratories, inc. 


For complete information, 
write to 


Want more information? Use post card insert in this issue. 
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Larger Sizes Now Available 


Hi-D* LEAD GLASS WINDOWS 


or use in steel, lead, and concrete walls 
*Trademark 


PENBERTHY INSTRUMENT CO. 
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regardless of time 
or line voltage 
fluctuations 


The Model 312 High Voltage Supply features a ATOMIC’S MODEL 312 
high degree of requlation and exceptional stability regulated high voltage 
over long periods. Drift is practically eliminated, supply 
providing maximum accuracy for successive experi- 
ments in precision scintillation counting and similar 
projects. 

Either pesitive or negative output is available CONDENSED SPECIFICATIONS 
through a t-ont panel switch. 1500 Volt Supply ~ Model 312 


Bulletin 300-1 describes the Model 312 in detail. Stability: 0.02°/, per day 


Write for your copy today. Line regulation: pari Awd rood 9 


Range: Less than 200 v. to greater than 


COMPARATIVE DRIFT CURVES OF 1400 v. in 17 steps 
TYPICAL HIGH VOLTAGE SUPPLIES Maximum output: 1 milliamp., positive or 


negative 





“RE" Type Regulated Supply 


NEW MODEL 312 SUPPLY 


HIGH VOLTAGE 








10 12 2 
REGULATED TIME OF DAY IN HOURS 


AC LINE — “pena —— 
VOLTS OFF>--——1 I5v 95 








A complete description of the full line of High Voltage Supplies and other 
Atomic ‘‘Research-Quality"’ instruments is included in our general catalog. To 
receive your registered copy, please request on your letterhead. 
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Engineering students check opera- 
tion of North Carolina State College’s 
new nuclear reactor. One kilogram 
of U-235, loaned by tie AS. 
powers the reactor . . . which pro- 
duces more radiation than $200 
million worth of radium. 


1 NEW low-power nuclear reactor at North 
Carolina State College marks several “‘firsts”’ 
the first privately owned reactor, and the first 
built exclusively for peacetime nuclear research 
projects. And like many of the larger reactors 
used in government installations, it utilizes 
ElectroniK recorders. 


By every standard of performance, ElectroniK, 


instruments meet the exacting requirements of 


nucleonic research. Their precision is assured 
by rigid limits of adjustment at the factory . . . 
and sturdy construction safeguards that pre- 
cision during years of service. 

Of particular interest in nuclear investigations 
are une many specialized modifications of the 


ElectronikK potentiometer designed for record- 
ing research data. The ultra-fast !4-Second 
Pen Speed Recorder ...the two-pen Duplex 
Recorder . . . the Function Plotter which auto- 
matically charts y=f (x) ... and the versatile 
Adjustable Span Recorder . . . can materially 
accelerate research programs by relieving 
scientists of tedious data-taking work. 


Your nearby Honeywell field representative 
will be glad to discuss your own instrumenta- 
tion requirements . . . and he’s as near as your 
phone. 


MINNEAPOLIS-HONEYWELL REGULATOR CO., 
Industrial Division, Wayne and Windrim Aves., 
Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Bulletin 14-1, “‘Automatic Instrumentation to Accelerate Research.” 


iH} Honeywell 
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